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PREFACE  (p  3  of  source) 


At  present  In  different  branches  of  technology  there 
find  wide  application  materials  from  sintered  aluminum  pow¬ 
der  (SAP)  and  sintered  aluminum  alloys  (SAS).  Mastering 
SAP  has  significantly  expanded  the  region  of  temperatures 
at  which  can  be  applied  the  alumlnvim  alloys. 

In  distinction  from  other  alvonlnum  alloys,  SAP  has 
comparatively  high  ultimate  strength  In  the  Interval  of 
temperatures  300-500C,  Its  prolonged  durability  In  tests 
during  10,000  and  even  100,000  hours  Is  little  changed  with 
time  and  practically  can  be  considered  stable. 

The  1961  collection  of  articles  "High-Temperature 
material  from  sintered  aluminum  powder  (SAP)"  was  the  first 
attempt  to  generalize  the  results  of  Investigations  connected 
with  the  development  of  the  fundamental  technology  of  ob¬ 
taining  of  half-finished  products  from  SAP,  and  also  with 
the  study  of  Its  structure,  properties  and  peculiarities. 

During  the  time  since  the  publication  of  the  first 
collection  new  forms  of  half-finished  products  (profiles, 
pipe,  foil,  etc.)  have  been  developed  which  find  wide  ap¬ 
plication  In  Industry,  the  technology  of  obtaining  of  pre¬ 
prepared  half-finished  products  has  Improved,  as  well  as 
the  technology  of  preparation  of  powders  and  dusts  that 
allow  significant  reduction  of  the  technological  cycle  of 
production  of  articles. 

In  the  collection  there  Is  described  a  new  method 
of  briquetting  with  preliminary  heating  of  aluminum  powders 
to  500-600C,  which  gave  the  possibility  of  obtaining  both 
round  and  flat  briquettes  to  weight  of  one  ton;  properties 
of  these  briquettes  differ  Inslgnlflcsmtly  from  propertlea 
of  half -finished  products,  obtained  by  treatment  by  pres¬ 
sure.  Production  from  large  dimension  briquettes  of  wide 
stric  of  dimension  90  x  600  mm  for  rolling  of  sheets  and 
rods  of  diameter  200  mm  and  more  for  stamping  has  been  mas¬ 
tered. 

Hlgh-tempe nature  heating  of  powder  during  Its  bri¬ 
quetting  also  ensured  prolonged  operation  of  half-finished 
products  from  SAP  temperatures  to  550C,  where  surface  of 
half -finished  products  after  heating  remains  of  high  quality 
(without  bubbles). 

In  published  articles  there  Is  described  also  a 
method  of  Investigation  with  the  help  of  the  electron  mi¬ 
croscope  of  the  structxire  of  sintered  aluminum  materials 
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and  reaulta  of  manifold  Investigation  of  propertios  depend¬ 
ing  upon  conditions  of  deformation  and  heating  that  allowed 
us  to  establish  several  regularities  characteristic  of 
the  material  strengthened  by  dispersed  Inclusions  of  alum¬ 
inum  oxide. 

Special  attention  Is  allotted  In  the  collection  to 
the  problem  of  formation  of  welded  Joints  of  details  from 
SAP,  In  particular  there  are  considered  the  causes  deter¬ 
mining  the  not-always-stable  results  of  argon  arc  fusion 
welding  of  SAP  and  necessary  recommendations  ars  given. 
Results  are  published  of  an  Investigation  of  the  possibility 
of  Joining  of  details  from  SAP  by  other  methods  (resistance 
and  spot  electric  welding,  ultrasonic  welding  and  riveting. 

There  is  great  Interest  In  the  studies  which  resolve 
the  problem  of  obtaining  of  sheet  material  directly  from 
aluminum  powder.  They  present  the  process  and  technology 
of  rolling  of  powder,  properties  and  structure  of  resulting 
billets  and  ready,  half-finished  products. 

The  collection  considers  the  structure  and  properties 
of  the  newly  mastered  half-finished  products;  there  are  given 
certain  regularities  of  change  of  their  properties  and  struc¬ 
ture  depending  upon  technological  factors. 

Significant  attention  Is  allotted  to  new  materials 
from  sintered  aluminum  alloys  with  special  properties  (for 
Instance,  with  low  coefficient  of  linear  expansion).  Ob¬ 
taining  of  such  alloy,  containing  to  305?  silicon,  by  the 
usual  method  (casting  and  deformation)  Is  very  complicated 
^nd  only  by  means  of  sintering  of  powder  from  alxirolnum  alloy 
have  we  managed  to  crecte  a  number  of  alloys  with  different 
coefficients  of  linear  expansion,  necessary  In  instrument¬ 
making. 

Of  definite  Interest  are  the  studies  of  the  structure 
and  properties  of  standard  aluminum  alloys  (D16,  B96), 
obtained  from  sintered  powders.  The  quality  of  half-finished 
products  from  SAP  Is  better  than  from  alloys  obtained  by  the 
usual  method,  since  their  structure  Is  uniform,  and  metal- 
lurglc  defects  inherent  In  these  alloys  are  absent. 

The  authors  trust  that  publication  of  this  collection 
will  allow  still  more  expansion  of  the  region  of  application 
of  hlgh-temp  sintered  aluminum  alloys  In  Industry. 
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PEOPEFTIES  AND  APPLICATION  OF  HALF-FINISHED  PRODUCTS 
*  FROM  SINTERED  ALUMINUM  POWDER  (SAP)  (p  5  of  source) 

B.L.  Matveev,  I.N.  Fridlyander,  G.D.  Agarkov, 

M.G.  Stepanova,  P.T.  Vlasova 


Hlgh-temp  deforaied  alloy  from  sintered  aluminum  pow¬ 
der  at  temperatures  of  350-500C  has  significantly  higher 
strength  characteristics  than  standard  aluminum  deformed 
alloys  which  la  explained  by  the  presence  of  a  finely-dis¬ 
persed  oxide  phase  evenly  distributed  In  the  aluminum  base. 

Half-finished  products  from  SAP  possess  high  cor- 
ros^'onal  stability,  practically  equal  to  the  corroslonal 
stability  of  aluminum;  they  are  recommended  for  prolonged 
work  in  Interval  of  temperatures  350-500C  and  at  lower 
temperatures  If  there  Is  required  a  combination  of  high 
durability  and  corroslonal  stability.  For  manufacture  of 
half-finished  products  from  SAP  use  Is  made  of  alumlnxjm 
powder  of  brands  APS-1,  APS-2  (aluminum  powder  for  sintering), 
composition  of  which  is  given  In  Table  1. 

Table  1 

Composition  of  Powders  for  Manufacture  SAP 
(remainder  Aluminum)  In  % 


r<t) 

MapKa  ny^pN 

AljOj 

I  Fc 

1  .  (“U 

HC  00.1  ec 

4ftAnc-i 

6-9 

0.2 

0.25 

0.1 

d/^Anc.2 

9.1-13 

0.2 

0.25 

0.1 

a  -  Brand  of  powder;  b  -  Fats;  c  -  not  more. 

The  powder  of  brand  APS  consists  of  oxidized  parti¬ 
cles  of  aluminum  In  form  of  scales  (plates),  average  di¬ 
mension  of  which  prior  to  nodullzlng  Is  10-45  mk  with  a 
thickness  of  leas  than  1  mk.  The  powder  Is  prepared  by 
atomizing  a  melt  and  grinding  the  pulverlzat  In  ball  mills 
In  a  medium  of  nitrogen  with  a  controlled  content  of  oxygen  and 
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of  stearin.  In  the  process  of  manufacture  the  powder  Is 
subjected  to  nodullzing  (for  the  purpose  of  Increase  of 
bulk  weight),  a  conglomerate  Is  formed  from  the  elementary 
particles.  Average  dimension  of  conglomerate  In  the  no- 
dullzed  powder  constitutes  50-100  mk.  In  Industry,  from 
powder  APS-1  we  prepare  half-finished  products  of  the  brand 
SAP-1,  and  from  nowder  APS-2  —  half-finished  products  SAF-2. 

The  technology  of  manufacture  from  SAP  of  half-finished 
products,  billets  for  rolllncr,  forging,  stamping  Includes 
briquetting  of  powder,  sintering  and  hot  pressing. 


Fig  1.  Wire  from  SAP 

From  SAP-1  we  prepare  the  following  half-finished 
products:  rods  and  oipe  of  diameter  to  200  mm,  profiles 
of  section  to  100  cm2  and  above,  sheets  of  width  900  mm, 
length  to  5  m  and  thickness  to  0.8  mm,  rivet  wire  (Fig  1), 
foil  of  thickness  to  0.03  mm  (Fig  2),  pressed  half-finished 
products  (Flfit  3). 

From  SAP-2  we  prepare  only  pressed  half-finished 
products  (rods,  strip,  pipe)  of  the  same  dimensions  as  from 
SAP-1.  Basically  the  half-finished  products  from  SAP-2, 
possessing  lowered  engineering  plasticity,  are  used  for  the 
manufacture  of  details  by  machining  or  stamping  In  closed 
dies;  these  operations  ensure  deformation  of  material  with 
minimum  stretching  stresses. 

The  mechanical  properties  of  pressed,  rolled  and 
stamped  ha?.f-flnlshed  products  from  SAP-1  and  SAP-2  are 
given  In  T^ble  2.  From  SAP-1  It  Is  possible  to  obtain 
stamped  half-finished  products  directly  from  the  sintered 
briquette  (billet). 
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Pig  2.  Sheets  and  foil  from  SAP 


Mechanical  properties  In  this  case  are  sufficiently 
high.  With  Increase  of  temperature  of  test  to  500C  the 
strength  of  SAP-1  decreases  from  30-35  to  8-10  kg/mnS, 
and  that  of  SAP-2  from  40  to  12-13  kg/mn)2. 
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Table  2 


Mechanical  Properties  of  Different  Half-Finished  Products 

From  SAP-1  and  SAP- 2 


Tcsine- 

ripeACA 

npeACA 

c# 

MapKa  MarcpHaaa  m  bha 

paTj  |la 

McnuTa- 

teny- 

HB 

noay<l)a6pHKaTa 

HOCTM 

kPImm^ 

(e) 

^ecTK 

kHmm^ 

§if«j 

ill 

KrjMM^ 

ripcccoBaHiiue 

20 

33 

23 

6 

95-100 

SAP 

CAIll 

npvTKH  AHauerpoM^ 
18-180  MM 

250 

20 

16 

4 

95-100 

npeccofiaHHuc  no* 

300 

18 

15 

3 

95-100 

aocu  CCMCHUCM  or 

350 

15 

13 

2 

95-100 

20x90  AO  410X30  j/jf 

400 

12 

— 

1 

95-100 

500 

9-10 

8 

1 

95-100 

XoaoAHOKaTaiiUH 

20 

33 

_ 

4 

SAP 

ailCT  TOaU(lfHOM  (c  \ 
1—3  MM  (BAOab  HA- 

250 

16 

— 

5 

— 

CAIM 

npaBaeuHa  npoKaiKH) 

350 

11 

— 

4 

— 

400 

9 

— 

4 

— 

H 

7.5 

— 

1.5 

— 

XoAOAHOKaraHuiy  .1 
AHCT  TOaUlMHOri  \J J 
1—3  MM  (nonepcK  ua- 

20 

34 

5 

SftP 

250 

16 

— 

4 

— 

CAn-i 

npaeaeKHA  npoKaiKH) 

350 

11 

— 

4 

— 

400 

9 

— 

4 

— 

7.8 

— 

2 

— 

ShP 

CAn  4 

ropnqcKaTaHuri 

20 

30 

5 

— 

ahct 

500 

8 

— 

2 

— 

^oibra  ToauiHiiofi 

20 

33 

CAni 

0.05  JivM  nocjie  100  nac 
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21.8 

— 

— 

— 

Type  McnuTaHim 

250 

275 

19.0 

16.3 

- 

1 

300 

13.6 

— 

— 

— 

400 

8 

1 

— 

— 
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Table  2  Continuation 


a  -  Brand  of  material  and  form  of  half-finished  product; 
b  -  Temperature  of  test  C;  c  -  Ultimate  strength  kg/on2; 
d  -  Yield  point  kg/nmiS;  e  -  5?  elongation;  f  -  HB  kg/mm2; 
g  -  Pressed  rods  of  diameter  18-180  mm;  h  -  Pressed  strip 
of  section  from  20  x  poto  410  x  30  mm;  1  -  Cold-rolled 
sheet  of  thickness  1-3  mm  (along  direction  of  rolling); 
j  -  Cold-rolled  sheet  of  thickness  1-3  mm  (across  direction 
of  rolling);  k  -  Hot-rolled  sheet;  1  -  Foil  of  thickness 
0.05  mm  after  100  hour  of  annealing  at  temperature  of  test; 
m  -  Forgings  and  stampings  from  sintered  billet  of  diameter 
160  mm;  n  -  Pressed  rods  of  diameter  170  mm  and  strip  of 
section  240  x  30  mm. 


The  prolonged  strength  of  SAP-1  and  SAP-2  after  100 
hours  c'f  test  Is  given  in  Table  3» 
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Table  3 


Proloneted  strength  of  SAP-1  and  8AP-2 
after  100  hours.  In  kg/mmS 


TcMnepaiypa 

RcnuTaHHa 

‘C 

CAn-l 

%fif 

CAn-2 

250 

11.0 

12,0 

350 

8.0 

9.0 

500 

4.5 

5.5  . 

a  -  Temperature  of  test,  C 

The  prolonged  strength  of  SAP-1  and  SAP-2  Is  prac¬ 
tically  Identical  and  exceeds  the  strength  of  all  the  alum¬ 
inum  deformed  alloys.  The  basic  mechanical  properties  of 
SAP-1  and  SAP-2  are  given  In  Tables  2  and  4. 

Table  4 


Certain  mechanical  properties  of  SAP-1  and  SAP-2 


CeoHCTBa 


^^-^OTHOCMTCaLHOC  Cy»(CIIMC  B  % 

C^npCACfl  no.i.3vwccTH  no  oc- 
TaTO<IHOri  AC(t)OpMaUIIII 
•o.J/100  » 

(^^npeACA  BUIlOC<lHBOCTII  B 

kPImm^  Ha  6a3C  20*  UHKaoB: 
o6pa3CH  6c3  iiaApe3a 


o6pa3eu  c  HaApc30M 

(O  Macao  UfiKaoti  AO  pa3pyiuc- 
Nim  npa  nooTopiiux  ciaTitsc* 
CKHX  iiarpysKax  apii  HanpaiKe- 
NKK  0.7o^ 


A^MHaMHHecKHri  ifOAyab  yu- 
pyrocTH  B  kFImm^ 


^CAn-1 _ I  ^CAn-2 


1  (t^TeMnepai^ 

>'pa  B  *0 

20 

250 

350 

500 

20 

250 

350 

500 

8-11 

9-12 

8-9 

6-7 

3-4 

3-4 

3-4 

2-3 

*  “ 

i 

4 

7 

4 

9 

3 

3 

11,5 

3,5 

3.5 

6 

2,5 

2 

7.5 

— 

— 

— 

-  4700 
^)npii 
^0=23.5 
kFImm^ 

.r<600 

^"P"oo 
oq— 28 

KFiMM^ 

7500 

6400 

5800 

5200 

7700 

6800 

6100 

5500 
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a  -  Properties;  b  -  Temperature  in  C;  c  -  Relative  reduction 
In  5?;  d  -  Limit  of  creep  at  permanent  defonnatlon 
In  kg/mm2;  e  -  Limit  of  fatigue  In  kg/mn2  on  basis  of  20-10® 
cycles;  sample  without  notch,  sample  w.  notch;  f  -  Number 
of  cycles  to  destruction  during  repeated  static  loads  at  a 
stress  of  0.7^;  g  -  Dynamic  elastic  modulus  In  kg/mmS; 
h  -  at 


Physical  properties  of  PAP 

SAP-1  SAP-2 

Specific  gravity  In  g/cm^  2.73  2.75 

Ther^’al  conductivity  In  cal/cm  sec®C  (20-500)  O.A-0.36  0.33-0.3^ 

The  coefficient  of  llneary  expansion  of  SAP  varies 
depending  upon  temperature  (Table  5)« 


Table  5 


TeMncpatypa 

r<v) 

olOS 

CAn-i 

CAn.2 

20--100 

23,0 

19,5 

100—200 

23,0 

20.2 

200-300 

23,0 

20,9 

300-400 

25,9 

21.7 

400-500 

26,3 

22.7 

a  -  Temperature  C 

SAP  Is  characterized  by  high  corroslonal  stability. 
During  test  In  conditions  of  full  submersion  In  3^  solution 
of  NaCl-J- 0.1/S  H2O2  and  In  a  natural  atmosphere  during  10 
months,  the  strength  and  relative  elongation  (Table  6)  of 
samples  did  not  decrease. 

When  Indispensable,  articles  from  SAP  can  be  anodized. 
SAP  Is  satisfactorily  brazed  and  can  be  welded  by  argon  arc 
welding.  Using  fusion  welding,  the  welded  seam  on  sheets  of 
thickness  1.5  mm  from  SAP-1  at  normal  temperature  has  a 
strensth  of  33  kg/mm^,  and  at  a  temperature  of  5000  —  5-6 
kg/mm^. 

SAP-1  and  SAP-2  are  satisfactorily  deformed  In  the 
hot  state  at  450-570C.  From  SAP  It  Is  practically  possible 
to  obtain  any  pressed  half-finished  products  which  are  sub¬ 
jected  subsequently  to  working  by  pressure  or  cutting. 
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Table  6 


Mechanical  properties  of  samples  from  SAP  after 
10  months  of  corroslonal  tests 
(Corrosion  tests  conducted  by  V.S,  Komissarova  ) 


COACpMCailHC  B  % 

Jip  KOppOSItOHIlUX 
^  HcnuraiiiiH 

nocac  Koppoatioii- 

CHUX  HCIlblTailHTf 

AI203 

Fe 

». 

% 

kFImm^ 

% 

Cy 

flpM  nOJIHOM  norpyiKCHKII  B3?g-HUH  paCTBOp  f 

6.0 

0.25 

32.8 

10.5 

34.5 

10.8 

9,0 

0.11 

32.5 

5.1 

36.2 

5.8 

11.5 

0,14 

41. S 

4.5 

39.0 

6.0 

— 

il.6 

ai.o 

13.6 

35.2 

y^llblUCIIIIC  B  % 


ecTecTBeHHofiaTAfoc4>epe 


Hct^ 

Hei^ 

6 

Hex  ^ 


Hct  y 
Utij^ 
Hery 


6.0 

0.25 

30.8 

10.5 

31.2 

9,2 

Heiy^ 

7.0 

11.5 

0.14 

32,5 

4.4 

34.8 

3.6 

Hei/- 

18,0 

a  -  Content  in  b  -  Prior  to  corroslonal  tests; 
0  -  After  corroslonal  tests;  d  -  Decrease  in 
e  -  With  full  submersion  in  3^  solution  of 
NaClf  0.1^  H202;  f  -  In  natural  atmosnhere;  g  - 
None 


Working  of  SAP  by  pressure  has  certain  peculiarities. 
From  hollow  billets  of  SAP  using  a  secured  or  floating  needle 
It  Is  possible  to  obtain  smooth  pipe  or  with  symmetrically 
located  flan<res,  ribs,  but  the  application  of  tonaue-dles, 
which  are  usually  used  for  obtaining  complicated  hollow  or 
half-open  profiles  In  the  deformed  alloys,  Is  Impossible 
due  to  the  high  resistance  to  deformation.  Pipes  obtained 
by  pressing  are  subjected  to  drawing  for  removal  of  all 
thickness  differences  along  the  length.  Prom  SAP-1  It  is 
possible  to  obtain  pipes  having  wall  thickness  of  0.4  mm. 

Thickness  of  walls  of  pressed  SAP  half -finished 
product  and  radii  of  curvature  are  lower  for  a  lower  content 
of  4I2O3  In  the  InltliJ.  material. 

oAP-l  Is  Satisfactorily  deformed  In  cold  and  hct 
states  by  the  methods  of  Impact  extrusion  and  free  forging. 

By  impact  extmislon  it  Is  possibla  to  prepare  shaped  pipes 
and  pipes  closed  at  one  end.  By  the  method  of  cold  rolling 

« 

Throu^ieut  this  doouasat,  the  abbreviation  icr  stands  for  kg. 
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o  n  mills  of  the  type  Rokrayt  from  SAP  we  can  obtain  pipe  of 
variable  section  (with  decrease  of  section  by  75%) •  By 
rolling  on  special  mills  from  smooth  pipes  It  Is  possible 
to  obtain  pipe  with  transverse  helical  ribs.  Furthermore, 
from  SAP-1  we  obtain  wire  of  diameter  1-6  mm  from  which  It 
Is  possible  to  head  rivets. 

Sheets  from  SAP-1  are  prepared  from  pressed  large- 
dlmenslon  plates  which  are  hot  rolled  to  thickness  of  3-2,5 
mm,  and  then  cold  rolled  to  any  given  thickness.  By  rolling 
from  SAP-1  we  prepare  foil  of  thickness  to  0.03  mm.  Sheet 
material  from  SAP-1  Is  subjected  to  drawing  at  temperatures  _ 
of  300-450C,  the  limiting  coefficient  of  drawing  for  one 
operation  correspondingly  constitutes  1,3-1. 8,  The  minimum 
radius  of  bend  of  sheet  material  at  normal  temperature  Is 
equal  7-8  times  the  thickness,  at  350C  It  Is  3  times,  and  at 
4500  It  Is  1,5  times  the  thickness. 

SAP-1  and  SAP-2  easily  are  worked  by  cutting.  Here 
there  are  not  required  speclsd  conditions  for  operation  of 
the  cutting  tool  (In  distinction  from  conditions  of  working 
of  usual  aluminum  alloys). 

The  above-mentioned  different  methods  of  working  of  SAP 
allow  us  to  conclude  that  the  existing  idea  of  the  fragility 
of  sintered  materials  does  not  apply  to  SAP.  This  material 
Is  processed  by  the  same  methods  as  the  hardening  aluminum 
alloys.  Heat  treatment  for  SA?  Is  not  required. 

The  successes  attained  In  the  field  of  working  open 
before  SAP  more  and  more  new  regions  of  application. 


INVESTIGATION  OF  THE  STRUCTURE  OF  SAP 
(p  13  of  source) 

I.N.  Frldlyander,  M«G.  Stepanova,  N.S.  Gerchikova 

N.I.  Kolobnev 


High-temp  material  from  sintered  aluminum  powder 
(SAP)  is  characterized  by  stability  of  structiire  and  proper¬ 
ties  at  heightened  temperatures.  Half-finished  products 
from  SAP  are  obtained  by  consecutive  briquetting,  sintering 
and  pressing  of  aluminum  powder.  Every  particle  of  powder 
is  covered  with  a  thin  oxidized  film.  In  the  process  of 
the  production  of  the  half-finished  products  there  occurs 
destruction  of  the  oxidized  films,  splitting  of  powder  par¬ 
ticles  and  distribution  aluminum  oxide  in  the  form  of  finely- 
dispersed  inclusions  through  the  entire  aluminum  matrix. 

SAP  is  a  typical  representative  of  the  alloys 
strengthened  by  dlspeised  particles  and  differs  from  all 
the  other  dispersion-hardening  alloys  in  the  nature  of  the 
hardening  phase  and  the  method  of  dispersion.  (N.J.  Grant, 

0,  Preston,  J.  of  Metals.  1957,  No  3,  p  3^9;  F.V.  Lenel, 

A.B.  Backensto,  M.V.  Rese,  J.  of  Metals.  1957,  No  1,  p  124.) 

Strengthening  of  the  dispersion-hardening  alloys 
occurs  as  a  result  of  singling  out  of  dispersed  particles 
during  disintegration  of  the  supersaturated  solid  solution, 
therefore  at  heightened  temperatures  weakening  of  the  alloy 
occurs  due  to  coagulation  and  dissolution  of  the  hardening 
phase.  The  usual  di8perslon-h{u*denlng  alloys  can  be  har¬ 
dened  only  by  those  elements  which  dissolve  in  the  base 
metal.  The  limit  of  reasonable  alloying  is  determined  by 
the  limit  of  solubility  of  the  element  (or  group  of  elements) 
ill  the  base  metal. 

SAP  is  hardened  by  particles  of  aluminum  oxide  which 
practically  is  not  dissolved  in  aluminum;  the  limit  of  alloy¬ 
ing  therefore  is  not  connected  with  the  limit  of  solubility 
of  the  second  phase.  The  dispersiveness  of  particles  of 
aluminum  oxide  is  the  result  of  splitting  of  the  thin  oxi¬ 
dized  film  and  not  disintegration  of  the  supersaturated 
solid  solution. 

Thus,  SAP,  which  is  hardened  similarly  to  the  dis¬ 
persion-hardening  alloys  by  dispersed  particles,  in  prin¬ 
ciple  differs  from  them  in  the  nature  of  the  particles  and 
the  method  of  obtaining  them, this  allows  us  to  Improve  its 
mechanical  properties. 


Alloys  of  the  type  SAP  preserve  high  strength  char¬ 
acteristics  at  temperatures  to  500C.  This  Is  explained  by,- 
the  presence  of  the  hardening  phase,  aluminum  oxide,  which 
Is  characterized  by  a  high  temperature  of  fusing  (2050C), 
low  diffusion  mobility.  Insolubility  in  the  matrix  and  high 
hardness. 

All  available  theories  of  hardening  of  alloys  of  the 
SAP  type  basically  lead  to  dependency  of  properties  on  the 
dimension  of  the  dispersed  particles  (in  this  case  particles 
of  aluminum  oxide)  and  on  the  distance  between  them.  In 
order  to  better  grasp  the  mechanism  of  hardening  of  the 
aluminum  matrix  by  dispersed  particles  of  the  oxide  phase, 
one  should  start  the  study  of  the  structure  of  SAP  from  a 
study  of  the  dimensions  and  character  of  distribution  of 
particles  of  aluminum  oxide  In  briquettes,  billets,  and  then 
In  half-finished  products. 


Fig  1.  Microstructure  of  rod  from  SAP  with 

10. 55^  Al203^x  2000 


Since  particles  of  aluminum  oxide  are  extremely  small 
the  optical  microscope  does  not  give  a  full  presentation 
of  the  structure  of  SAP  (Pig  1)  and  It  Is  necessary  to  re¬ 
sort  to  electronic  microscopy. 

There  have  been  only  a  few  studies  of  the  structure 
of  SAP  with  the  help  of  the  electron  microscope  (E.  Gregory, 
N.J.  Grant  J.  of  Metals.  195A,  No  2,  pp  247-252;  F.V.  Lenel, 
G.S.  Ansell,  E.S.  Nelson,  J.  of  Metals.  1957.  No  1,  pp 
117-124;  H.  Hug,  N.  Blschsel,  Me tall.  1961,  Nr.  1,  SS.  19-22.) 
and  sometimes  the  authors  themselves  mark  a  certain  Inac¬ 
curacy  of  explanations  obtained  by  them  by  electron  mlc- 
rofotocrafy  of  the  structure  SAP  and  consider  them  as  sup¬ 
positional.  One  of  the  works  contains  somewhat  contra¬ 
dictory  data  on  the  form  and  character  of  .distribution  of 
nartlcles  of  the  oxide  phase  In  SAP. 
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Therefore  for  the  carrying  out  of  the  electron- 
microscopic  Investigation  of  the  structure  of  SAP  we 
thoroughly  developed  and  made  a  detailed  check  of  a  method 
of  preparation -of  SAP  products.  In  detail  this  method  Is 
described  In  an  article  by  N.S.  Gerchikova  and  N.I.  Kolobnev 
(N.S.  Gerchikova,  N.I.  Kolobnev,  Factory Laboratory.  1961, 

No  12). 

In  the  present  work  with  the  help  of  the  electron 
microscope  we  Investigated  the  structure  of  briquettes  and 
rods  from  SAP  containing  from  9  to  26)8  Al20jand  sheets  con¬ 
taining  7«858  Al203(degree  of  deformation  85)8). 

The  structure  of  pressed  half-finished  products  from 
SAP  constitutes  an  aluminum  matrix  with  Introduced  In  It 
dispersed  particles  of  the  oxide  phase  (Fig  2).  The  less 
the  distance  between  particles  of  aluminum  oxide  the  higher 
the  strength  characteristics  of  the  SAP.  The  distance  be¬ 
tween  particles  of  aluminum  oxide  depends  on  the  grinding 
of  the  aluminum  powder  fiV5m  which  are  obtained  the  Inter¬ 
mediate  products.  The  finer  the  grinding  and  the  greater 
the  dispersion  of  the  elementary  particles  of  powder,  the 
less  the  distance  between  oxide  partlces  In  the  SAP.  On 
the  grinding  of  the  aluminum  powder  depends  also  the  quan¬ 
tity  of  aluminum  oxide.  In  the  process  of  grinding  of  the 
powder  In  a  ball  mill  there  also  occurs  cinishing  of  the 
particles  of  aluminum  and,  consequently  an  Increase  of  their 
total  surface  area. 


Fig  2.  Electron  photomicrography  of  structure 
of  a  rod  from  SAP  with  16)8  AI2O3,  x  16,000 

a  -  cross  section,  b  -  lonsrltudlnal  section 
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Every  newly  formed  surface  of  aluminum  oxidizes.  Thus, 
the  Increase  of  content  of  aluminum  oxide  in  pov?der  of  the 
brand  APS  occurs  not  by  thickening  of  the  oxidized  film, 
but  thanks  to  the  fine  grinding.  Both  aluminum  powder  for 
SAP  and  also  half- finished  products  are  clasp  fled  by  the 
content  of  aluminum  oxide;  here  we  consider  mat  the  grind¬ 
ing  is  conducted  in  strictly  determined  conditions,  ensuring 
obtaining  of  powder  of  each  brand  with  particles  covered  with 
an  oxidized  film  of  identical  thickness. 

As  our  experiments  showed,  in  that  case  when  the  con¬ 
tent  of  aluminum  oxide  in  the  powder  is  Increased  by  thicken¬ 
ing  of  the  oxidized  film  on  particles  of  aluminum,  the 
strength  of  half-finished  products  from  such  powder  is  not 
Increased.  The  distance  between  particles  of  the  oxidized 
phase  in  this  case  is  not  changed  with  an  Increase  of  the 
content  of  al\5mlnum  oxide,  but  the  oxide  particles  become 
significantly  larger  (Fig  3)» 

To  Increase  the  bulk  weight  of  aluminum  powder  from 
SAP  after  frrindlng  it  is  subjected  to  nodulizlng,  as  a  result 
of  which  will  be  formed  a  conglomerate  from  elementary  par¬ 
ticles  of  aluminum.  The  dimension  of  the  nodullzed  particles 
does  net  affect  the  strength  of  half-finished  products  from 
SAP  (HiRh-temp  Material  from  Sintered  Aluminum  Powder  (SAP). 
Oboronclz,  1961,  p  17-29); the  distance  between  particles 
of  aluminuTP  oxide  in  SAP,  and  consequently  also  the  strength, 
are  deterrined  by  the  dimension  of  the  elementary  particles. 

In  the  process  of  pressing  of  half-finished  products 
from  aluminum  powder  .the  oxidized  films  covering  the  surface 
of  the  elementary  particles  are  destroyed  and  the  distance 
between  particles  of  the  oxidized  phase  no  longer  can  exactly 
correspond  to  the  distance  between  oxidized  films  (or  to  the 
dimension  of  the  particles  of  powder).  However,  the  relation 
between  the  dimensions  of  the  particles  of  powder  and  the 
distances  between  oxidized  particles  in  SAP  nevertheless  Is 
maintained. 


Fig  3*  Photomicrograph  of  structure  of  rod  from 
SAP  with  10.8^  AI2OJ.  Content  of  aluminum  oxide  in  powder 
was  increased  by  thickening  of  oxidized  film  (oxidation  in 
humid  RtTosphere),  x  2000. 


15 


Fig  4.  Electron  photomicrograph  of  stinicture  of 
briquette  with  13/f  AI2O3,  x  16,000. 

This  confinDB  results  obtained  by  us  of  the  determin¬ 
ation  from  electron  pho tom Icro graphs  of  the  dimension  of 
elementary  particles  of  aluminum  powders  with  7  to  13^ 

AI2O3  and  the  distance  between  oxidized  particles  In  rods 
pressed  from  these  powders  (Hlgh-temn  Material  from  Sintered 
Aluminum  Powder  (SAP)  Oboronglz,  1961,  p  5-16). 

Partial  destjructlon  of  oxidized  films  occurs  even 
during  cold  briquetting  of  the  powder  (Fig.  4).  Obviously 
the  more  plastic  particle  of  alumln^  under  the  action  of 
high  specific  pressure  (50-70  kg/mm^)  is  deformed,  which 
leads  to  cracking  of  the  oxidized  film  In  separate  places. 

It  Is  possible  to  consider  that  during  hot  briquetting  (at 
45O-50OC)  the  difference  In  plasticity  of  aluminum  (tn  = 

660C)  and  aluminum  oxide  (tn  =  205OC)  significantly  Increases 
which  leads  to  greater  destruction  of  the  oxidized  films. 

The  sintering  (compacting)  and  hot  pressing  of  half- 
finished  products  which  follow  briquetting  complete"' y  des¬ 
troy  the  oxidized  films,  forming  dispersed  particles  (of 
dimension  0.12-0,13  mk)  which  are  comparatively  evenly  dis¬ 
tributed  In  the  aluminum  matrix  at  a  distance  of  0.3-0. 4  mk 
from  each  other  (see  Fig  2). 

Electron  photomicrographs  of  longitudinal  and  cross 
sections  of  rods  pressed  from  SAP  confirm  that  the  oxidized 
phase  in  SAP  after  pressing  of  half-finished  products  has  the 
form  of  dispersed  particles  and  not  partially  destroyed  films 
or  shells.  Analogous  structure  is  shown  by  sheets  from  SAP 
(see  below). 

The  correctness  of  the  method  of  preparation  of 
specimens  for  Investigation  of  the  structure  of  SAP  and 
Interpretation  of  the  obtained  electron  mlcrofotographs  was 
checked  as  follows.  After  deep  etching  of  a  slide  from  SAP 
we  managed  to  obtain  a  replica  with  black  Impregnations, 
which  from  preliminary  analysis  should  be  oxidized  particles. 
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Electronograms  taken  from  such  replicas  confirmed  the  initial 
interpretation  —  the  black  impregnations'  have  the  crystalline 
structure  of  if'-Al203. 

Furthermore,  the  obtained  electron  photomicrographs 
of  the  structure  of  SAP  and  their  interpretation  agree  with 
the  results  of  other  experiments,  (E.  Gregory,  N.J.  Grant, 

J.  of  Metals.  1954,  No  2,  pp  247-252;  H.  Hug,  H.  Blschsel, 
Ketall.  1961.  Nr  1,  SS.  19-22),  although  the  specimens  for 
investigation  in  these  other  works  were  prepared  by  other 
methods. 


Fig  5*  Dependency  of  average  number  of  intersections 
on  content  of  Al203in  rods  from  SAP. 

a  -  Average  No  of  intersections;  b  -  Volume  jS  of  AI2O3 

Interesting  data  were  obtained  after  statistical 
treatrent  of  the  electron  mlcrofo to graphs  of  the  structure 
of  rods  from  SAP  with  9,  16,  20,  26^  AI2O3.  On  every  elec¬ 
tron  photomicrograph  we  drew  10  lines  and  over  a  length  of 
2.5  mk  we  calculated  the  quantity  of  particles  interiected 
by  the  line.  Investigations  (R.  Fullman,  J.  of  Metals.  1953, 
Mo  3)  have  established  that  the  number  of  crossings  per  unit 
of  length  is  proportional  to  the  quantity  of  particles  in  a 
unit  of  volume  (assuming  that  the  magnitude  and  distribution 
of  all  particles  in  different  samples  are  identical).  Fig  5 
graphically  represents  the  dependency  of  the  average  number 
of  crossings  vs  the  content  of  aluminum  oxide  in  every  SAP 
rod.  The  higher  the  oxide  content  of  aluminum,  the  bigger 
the  number  of  crossings. 
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In  the  computation  of  the  weight  percentage  of  altUD- 
Inum  oxide  the  specific  weight  of  SAP  was  taken  as  2.73 
g/cn',  end  the  specific  weight  of  alumlnvan  oxide  as  3.8  g/cm^. 


Pig  6.  Electron  photomicrographs  of  stmcture  of 
rods  from  SAP,  x  16,000. 

a  -  with  9^  AlgOj;  b  -  with  265^  AI2O3 

On  Pig  6  are  represented  the  electron  photomicrographs 
of  the  structure  of  rods  from  SAP  with  9  and  26%  AI2O3. 

With  the  help  of  electron  mlcrofotographs  of  the 
structure  of  rods  from  SAP  with  content  from  9  to  20$^  AI2O3, 
a  check  was  made  of  the  dependency  of  the  ultimate  strength 
on  the  distance  between  particles  of  the  oxidized  phase 
(Pig  7).  With  an  Increase  of  the  distance  between  oxide 
particles  from  0.34  to  0.82  mk  the  ultimate  strength  of  SAP 
rods  decreases  from  A5.5  to  33.5  kg/mm2  at  20C  and  from 
14.5  to  10.0  kg/mm2  at  500C.  Analosous  dependencies  were 
obtained  earlier  In  a  number  of  works.  (C.G.  Ooetzel, 

J.  of  Metals.  1959,  No  3,  PP  189-194). 

These  reFults  once  again  Indicate  the  fact  that  the 
properties  of  half-finished  products  from  SAP  depend  on  the 
distance  between  particles  of  aluminum  oxide,  l.e.  the 
strength  of  SAP  Is  determined  by  the  dispersion  of  the  ele¬ 
mentary  particles  of  the  aluminum  powder. 

On  Fig  8  are  given  the  electron  photomicrographs  of 
the  structure  of  sheets  from  SAP  (7.65^  AI2O3),  obtained  af 
various  degrees  of  deformation.  No  essential  distinction 
In  form  of  particles  of  oxidized  phase  In  longitudinal  and 
In  cross  sections  of  sheets  with  various  degrees  of  def¬ 
ormation  Is  observed  (Fig  9).  Statistical  treatment  of  elec¬ 
tron  mlcrofotographs  of  the  structure  of  sheets  from  SAP 
showed  that  the  dimension  of  the  particles  of  aluminum  oxide, 
and  also  their  quantity  and  the  distance  between  them  are 
Identical  and  do  not  depend  on  degree  of  deformation  (Pig 
10a,  b).  Annealing  of  sheets  from  SAP  for  100  hours  at  4500 
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Fig  7*  Dependency  of  ultimate  strength  of  rods  from 
SAP  on  distance  between  particles  of  oxidized  phase. 

a  -  At;  b  -  In 


and  550C  also  does  not  change  their  structure  (Pig  11), 


Fig  8.  Electron  photomicrographs  of  structure  of 
sheets  from  SAP  AI2O5),  (cross  section),  x  16,000. 
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•  -  hot>rolled  sheet,  degree  of  deformation  40)C, 

D  -  oold-rolled  sheet,  degree  of  deformation  52,5jj, 
c  -  eold»rolled  sheet,  degree  of  deformation  8lj<, 


The  mechanical  properaties  of  sheets  from  SAP  at 
room  temperature  depend  on  the  degree  of  deformation:  with 
an  incwase  of  the  degree  of  cold  deformation  from  0  to  85% 
the  ultimate  strength  increases  from  32  to  41  kg/mm2.  Tests 
of  samples  at  500C  showed  that  the  strength  practically  re¬ 
mains  without  change  and  is  equal  8-9  kg/mm2  (pig  12), 
Amealli^  at  450C  for  100  hours  does  not  affect  the  ultimate 
strength  of  sheets.  After  annealing  at  550C  for  100  hours 
there  appeared  bubbles  and  stratification  on  samples  that 
led  to  a  drop  of  ultimate  strength  and  relative  elongation 
(see  Pig  12). 


Pis  9»  Electron  photomicrograph  of  stiiicture  of 
cold-rolled  sheet  from  SAP  with  7.6%  AI2O3  with  a  degree  of 
deformation  of  52.5^  (longitudinal  section),  x  16,000, 


Pig  10.  Dependency  of  dimension  and  quantity  of 
particles  of  oxidized  phase  of  sheets  from  SAP  on  degree  of 
deformation  and  annealing, 
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Cold- rolled  sheet:  O  —  without  annealing, —  anneal¬ 
ing,  at  550C  for  100  hours,  hot-rolled  sheet;  • —  with¬ 
out  annealing,* —  annealing  at  5500  for  100  hours, 

X  —  annealing  at  450C  for  100  hours, 
a  -  Average  quantity  of  particles  of  AloO^  on  an  area 
equal  to  4  b  -  Average  dimension  or  particles  of 

AI2O5  in  ink;  c  -  Degree  of  deformation  in 


Fig  11.  Electron  photomicrograph  of  structure  of 
sheet  from  SAP  (degree  of  deformation  815?)  after  annealing 
for  100  hours  at  550C,  x  16,000. 

These  data  coincide  with  the  results  of  an  investi¬ 
gation,  given  in  (W.S.  Cremens,  E.A.  Bryan,  N.J.  Grant, 

ASTM  Preprint  1958,  No  84,  pp  1-7),  The  authors  observed 
an  increase  of  the  ultimate  strength  of  sheets  containing 
6-85?  AI2O3  with  an  Increase  of  the  degree  of  cold  deformation 
in  the  investieated  limits  (to  665?).  However  the  work  of 
B.I.  ?^atveev  and  I.R.  Khanova  (High-temp  Material  from  Baked 
Aluminum  Powder  (SAP),  Oboronglz,  1961,  p  59-63)  indicates 
a  drop  of  strength  of  sheets  with  105?  AI2O3  after  increasing 
the  degree  of  cold  defoi-’nation  to  more  than  665?  (to  765?), 

Obviously  strengthening  of  sheets  from  SAP  as  a  re¬ 
sult  of  cold  deformation  occurs  not  from  crushing  of  the 
particles  of  the  oxide  phase,  but  due  to  work  hardening  of  the 
aluminum  matrix  and  formation  of  texture.  The  stability 
of  structure  and  properties  at  heightened  temperatures  of 
sheets  from  SAP  may  be  explained  by  the  presence  of  highly- 
dispersed  particles  of  the  oxidized  phase  embedded  in  the 
aluminum  matrix.  The  particles  of  aluminum  oxide  serve  as 
sort  of  barriers,  preventing  the  recrystalllzatlonal  pro¬ 
cesses. 


Fig  12.  Influence  of  degree  of  defor-atlon  and  an¬ 
nealing  on  mechanical  properties  of  sheets. 

—  sheets  without  annealing,  —  sheets  after  annealing 
at  5‘iOC  for  100  hours,  x  —  sheets  after  annealing  at  450C 
for  100  hours.  , 


a  -  Degree  of  defomatlon  In  % 

However  the  mechanism  of  hardening  of  sheets  from 
SAP  as  a  result  of  cold  deformation  and  the  stability  of 
the  structure  of  sheets  at  helfthtened  temperatures  can  be 
more  exactly  explained  only  after  a  study  of  the  block 
structure  of  the  aluminum  matrix  of  the  SAP  produced  with 
various  degree  of  deformation,  before  and  after  hlgh- 
temperature  annealing  (450-650C), 

Conclusions 

1.  The  structure  of  SAP  consltutes  an  aluminum 
matrix  with  embedded  dispersed  particles  of  the  oxide  phase. 

2,  With  an  Increase  of  content  of  aluminum  oxide 
the  quantity  of  particles  of  the  oxidized  phase  increases 
and  the  distance  between  them  decreases. 
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3.  Properties  of  half-finished  products  from  SAP 
depend  on  the  distance  between  the  particles  of  alunlnmn 
oxide,  l.e.  on  the  dispersiveness  of  elementary  particles 
of  the  aluminum  powder, 

4.  The  dimension,  the  quantity  of  particles  of  oxi¬ 
dized  phase  and  the  distance  between  them  In  sheets  from 
SAP  do  not  depend  on  the  degree  of  deformation,  but  the 
ultimate  strength  of  sheets  at  r-oom  temperature  is  Increased 
with  an  Increase  of  the  degree  of  cold  deformation,  which 

Is  probably  explained  by  work  hardening  of  the  aluminum 
matrix  and  formation  of  texture* 
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FOm  Af!D  DIMENSION  OF  PARTICLES  OP  ALUMINUM  POWDER 
FOR  OBTAINING  OF  HALF-FINISHED  PRODUCTS  FROM  SAP 

(p  23  of  source) 

M.G.  Stepanova,  N.I.  Kolobnev,  L.I.  Klbltova 


For  production  of  half-finished  products  from  SAP  we 
use  aluminum  powder  of  brand  APS,  The  process  of  Its  manu¬ 
facture  was  described  earlier.  (Hlgh-temo  Material  From 
Sintered  Aluminum  Powder  (SAP).  Oboronalz,  1961,  p  17).  An 
Important  feature  of  production  of  powder  one  should  consider 
the  fact  that  Increase  of  content  In  It  of  aluminum  oxide 
occurs  by  oxidation  of  the  new  surfaces  appearing  during 
crushing  of  particles  of  alumlmim,  thanks  to  which  the  pro¬ 
perties  of  half-f Inlshed  products  from  SAP  are  Increased. 
According  to  the  majority  of  theories  of  hardening  the  pro¬ 
perties  of  SAP  are  dependent  upon  the  distance  between  dis¬ 
persed  particles.  And  although  the  distance  between  par¬ 
ticles  of  aluminum  oxide  In  SAP  cannot  exactly  correspond 
to  the  thickness  of  the  particles  of  powder,  this  deoendency 
nevertheless  Is  maintained.  (F,V.  Lenel,  A.B.  Baskensto, 

M. V.  Rese,  J.  of  Metals.  1957,  No  1,  pp  124-130).  Therefore 
Investigators  allot  considerable  attention  to  the  form  and 
dimension  of  particles  of  powder  obtained  by  grinding  of 
aluminum  powder. 

In  a  ball  mill  powder  of  brand  APS  la  first  ground 
(dimension  of  elementary  particles  should  be  less  75  mk), 
and  then  subjected  to  nodullzlng. 

During  the  study  of  Influence  of  duration  of  grind 
on  dlsperalveness  and  bulk  weight  of  aluminum  powder  (di¬ 
mension  of  particles  was  cheeked  by  sifting  through  sieve 
0075)  It  was  revealed  that  enlargement  of  elementary  par¬ 
ticles  and  Increase  of  bulk  weight  of  powder  do  not  start 
simultaneously  (Fig  l). 

The  bulk  weight  of  powder  starts  to  be  Increased 
after  grinding  for  16  hours  while  the  dimension  of  particles 
becomes  less  75  mk  only  after  24  hours.  Obviously,  In  this 
case  there  occurs  a  change  of  foirni  of  the  particles  which  Is 
notrevealed  by  screen  analysis.  Therefore  the  form  of  par¬ 
ticles  was  studied  with  the  help  of  an  electron  microscope 
with  amplification  of  5000#.  •Study  of  fonn  of  particles 
on  electron  microscope  was  conducted  under  leadership  of 

N. S.  Gerchikova. 

In  order  to  trace  the  change  of  form  of  particles  of 
powder,  samples  were  taken  every  two  hours  In  the  process 
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of  manufacture  of  powder  on  a  ball  mill* 

Before  electron-microscopic  Investigation  the  particles 
of  powder  were  placed  on  a  carbon  film  sublayer  located 
In  an  electrostatic  field.  With  the  help  of  a  copper  grid 
this  film  was  secured  on  one  plate  of  a  flat  capacitor,  and 
on  the  other  we  poured  a  small  quantity  of  powder.  With  the 
creation  of  the  electrostatic  field  the  particles  of  alum¬ 
inum  powder  were  attracted  to  the  opposite  plate  of  the  con¬ 
denser  and  fell  on  the  carbon  film.  This  method  ensured 
separation  of  particles  from  each  other  and  their  uniform 
distribution  on  the  carbon  film  without  destinictlon  of  the 
nodullzed  particles  of  powder. 


Fig  1.  Influence  of  duration  of  grind  on  dlsperslve- 
ness  of  particles  and  bulk  weight  of  powder, 

a  -  Duration  of  grind  In  hours 

On  the  electron  microscope  with  amplification  of  5000 
we  studied  samples  of  powders  taken  4,  8,  14,  20,  24,  30  and 
34  hours  after  the  beginning  of  operation  of  the  mill.  From 
every  sarple  we  obtained  10-15  electron  mlorofotographa  from 
which  we  calculated  the  average  area  (size)  of  the  particle 
of  powder. 

Part  of  the  powder  of  this  sample  was  subjected  to 
chemical  analysis  for  determination  of  the  content  of  alum¬ 
inum  oxide  and  oils,  furthermore  we  made  a  screen  analysis. 

On  Fig  2  are  given  curves  of  dependency  of  bulk 
weight  of  powder,  residue  on  the  sieve  0075»  content  of 
AI263  and  average  area  of  particles  of  powder  vs  duration 
of  grind. 

In  the  process  of  grinding  the  bulk  weight  of  powder 
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at  first  decreases,  after  8010  hours  It  attains  a  mlnlmuiD 
value  of  0.18  g/cm^,  then  sharply  Increases  to  0.8-0. 9  g/cin3. 
Further  Increase  of  duration  of  grind  only  insignificantly 
Increases  bulk  weight. 

Dispersiveness  of  powder  is  changed  differently.  In 
the  beginning  the  remainder  on  the  sieve  0075  somewhat  drops 
then  a  further  sharp  drop  and  after  28  hours  of  grind  again 
there  Is  observed  a  smooth  rise.  The  average  magnitude  of 
area  particles  of  powder  in  process  of  grinding  changes 
analoerous  to  the  disoersiveness  of  particles  as  determined 
by  screen  analysis. 


Fig  2.  Dependency  of  avera^^e  area  of  particles  of 
powder,  bulk  weight,  screen  analysis  and  content  of  AI2OJ 

on  duration  of  grind. 

a  -  Duration  of  s^rind  in  hours 

On  Fig  3-7  there  are  given  electron  photomicrographs 
of  particles  of  powder  after  4,  14,  24,  34  hours  of  grind. 
On  these  photosiraphs  one  may  see  hovr  the  form  of  aluminum 
particles  chancres  in  the  process  of  p:rinding  powder  in  a 
ball  mill. 

In  the  production  of  powder  of  brand  APS  the  initial 
product  is  aluminum  pulverlzate  obtained  by  atomization 
of  ^clten  aluminum.  The  dimension  of  particles  of  pul- 
veriz.ate  is  100-450  mk,  their  form  is  close  to  spherical 
(see  Fig  3).  In  the  process  of  crushing  the  particles  of 
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alumlnxun,  possesslnK  hlfiji  plasticity,  are  deformed  under  . 
blows  of  the  balls,  being  turned  Into  plates  of  length 
40-90  irk  and  width  12-60  mk  (see  Fig  4),  and  then  Into  very 
fine  leaflets  of  length  30-150  mk,  width  20-60  rok  with  a 
thickness  less  than  1  mk  (see  Fig  5).  Flattening  of  par¬ 
ticles  leads  to  Increase  of  their  surface  (remainder  on 
sipve  0075  sharply  increases),  which  Is  accompanied  by  a 
drop  of  the  bulk  vielght  (see  Fig  2).  This  process  continues 
until  the  degree  of  work  hardening  of  alumlniun  particles 
attains  values  at  which  the  plasticity  of  aluminum  sharply 
decreases.  There  occurs  destruction  (splitting)  of  flat 
or  scale-llke  particles  of  aluminum  Into  smaller  particles 
of  from  5  to  20  rok  (see  Fig  6).  The  remainder  on  the  sieve 
0075  sharply  decreases  while  the  bulk  weight  Is  Increased 
(see  Fig  2).  Increase  of  bulk  weight  In  this  case  occurs 
by  a  change  of  form  of  the  particles.  In  this  stage  of  the 
process  there  Is  observed  the  maxlmiom  Increase  of  the  con¬ 
tent  of  aluminum  oxide  In  the  powder.  The  curve  of  the 
change  of  content  of  aluminum  oxide  vs  duration  of  grind 
rises  steeply  upwards. 


Fig  3*  Photomicrograph  of  particle  of  aluminum 
obtained  by  atomization,  x  200, 


Pig  4.  Electron  photomicrograph  of  particle  of 
powder  after  4  hours  of  grind,  x  5000. 

-  pjz _  _ - 


Fi«  5.  Electron  photomicrograph  of  particle  of  pow¬ 
der  after  14  hours  of  grind,  x  5000. 

I 

In  the  nrocess  of  ^rinding  the  oil  is  volatilized 
w  :ich  makes  possible  the  ^'joining”  of  separate  elementary 
particles  into  blgp:er  particles  (conglomerates)  (see  Fig  ?)• 
The  enlargement  of  particles  of  aluminuin  powder  is  accompanied 
by  an  increase  of  bulk  weight. 


Fig  6.  El-^ctron  photomicrosrraph  of  particle  of  pow¬ 
der  aftsr  20  hours  of  grind,  x  5000. 
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Fig  7.  Electron  photo?ilci*ograph  of  particle  of  pow¬ 
der  after  54  hours  of  grind,  x  5000, 

Thus,  obtaining  of  powder  of  brand  APS  In  a  ball  mill 
soes  in  three  stages: 

1.  The  flattening  of  aluminum,  obtained  by  atomization, 
to  form  particles  of  petal-llke  form  Is  accompanied  by  work 
hardening, 

2.  Splitting  of  petal-like  particles  of  aluminum 
into  smaller  particles  with  dimensions  of  the  same  order  In 
length  and  width.  The  beginning  of  this  stase  Is  Indicated 
by  an  Increase  of  the  bulk  weight  of  the  powder. 

3.  Joining  of  the  small  particles  of  powder  1. 
bigger  particles,  conKlomeretes,  l.e.  nodullzlng  of  the 
powder. 
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SAP  FROM  SECONDARY  ALW'ilNUM  (p  28  of  source) 

E.M.  Lel’-arenko,  3.N.  PoFrovsFaya,  G.P.  Zenkov, 
L.A.  Sarul,  N.I.  Kolobnev 


Aluminum  powder  of  brand  APS  Is  prepared  from  primary 
aluminum  of  brands  AO,  AOO.  Replacement  of  primary  alum¬ 
inum  by  secondary  will  allow  us  to  lower  the  application  of 
secondary  aluminum  In  production  of  SAP*  It  Is  necessary  to 
Investlctate  the  mechanical  properties  and  corroslonal  sta¬ 
bility  of  half-finished  products  obtained  from  secondary 
aluminum.  With  this  troal,  the  technology  of  production  of 
powder  of  brand  APS  was  used  to  obtain  an  experimental  lot 
of  Dowder  from  secondary  aluminum  pulverlzate  of  the  AIsV 
!?rade  with  bulk  weight  of  1.15  g/cm  (1.1^  AI2O3;  3,1^  SI; 
2.88^  Cu;  1.56/S  Zn;  1.11^  Fe;  0.01^  Mn;  0.03%  H2O,  remainder 
Al). 

The  duration  of  grind  of  the  powder  constituted  11 
hours,  and  nodullzlng  took  36.5  hours.  As  a  result  of  this 
the  content  of  AI2O3  In  the  obtained  powder  was  Increased 
to  7*2%,  and  the  bulk  weight  to  1.44  g/cm3. 


20  m  200  300  W  SCO 
^Tennepamypa  ucntuma^ufi  6°C 


Fig  1.  Mechanical  properties  of  SAP  from  secondary 
and  primary  aluminum  at  heightened  temperatures. 


a  -  SAP  from  primary  aluminum; 
b  -  SAP  from  secondary  aluminum; 
c  -  Temperature  of  test  in  C. 
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From  the  obtained  powder  we  pressed  by  the  usual  tech¬ 
nology  rods  of  diameter  lArnm  for  Investigation  of  their 
mechanical  properties,  corrosion  stability  and  mlcrostruc- 
ture.  tHlgh-temP  Material  From  SlntaTveri  Almnlnuin  Pfitwlar 
(SAP).  Oboronglz,  1961,  p  5). 

On  Fig  1  are  given  the  mechanical  properties  of  rods 
of  SAP  with  7^  AI2O3  from  primary  and  secondary  aluminum 
at  heightened  temperatures. 

At  temperatures  to  350C  the  ultimate  strength  of  SAP 
from  secondary  aluminum  Is  higher  than  SAP  from  primary 
aluminum:  at  20C  by  12  g/mroS,'  at  200C  by  4  kg/nmi2.  Begin¬ 
ning  at  350c  the  ultimate  strength  of  SAP  from  secondary 
aluminum  Is  lower  than  the  ultimate  strength  of  primary 
SAP:  at  400C  by  1  kg/mm2,  at  500C  by  5  kg/mm2. 

The  relative  elongation  with  Increase  of  temperature 
of  test  from  20  to  150-200C  Increases  from  4  to  7»5-6%. 

With  further  Increase  of  temperature  of  test  there  Is  ob¬ 
served  a  drop  of  elongation  from  8  to  3.55C.  The  elongation 
of  SAP  from  secondary  aluminum  at  temperatures  to  100-120C 
Is  lover,  and  starting  with  120  and  to  5000  Is  somewhat 
higher  than  SAP  from  primary  aluminum  (see  Fig  1). 

The  same,  unusual  for  SAP,  character  of  change  of 
elon'^atlon  with  Increase  of  temperature  was  revealed  In 
alloyed  SAP  (5^  Cu;  12^  AI2O3).'  (Hlgh-temn  Material  Prom 
Sintered  Aliunlnum  Powder  (SAP).  Oboronglz,  1961,  p  113). 

During  checks  on  corrosional  stability,  samples  of 
SAP  from  secondary  aluminum  stood  up  In  a  medium  of  3% 

NaClf  0.1^  ^2®3  ^'^0  months.  Simultaneously  in  the  cor¬ 

rosive  medium  there  were  placed  samples  of  SAP  from  primary 
aluminum,  pure  aluminum,  and  the  alloy  D16  for  comparison 
of  their  corrosional  stability  (see  Tabled  Corrosional 
stability  was  determined  by  change  of  ultimate  strength  and 
elongation. 

As  can  be  seen  from  the  table,  corrosional  stability 
of  secondary  SAP  is  lower  than  that  of  pure  aluminum  and  of 
primary  SAP,  which  Is  explained  by  the  presence  in  SAP  from 
secondary  aluminum  of  silicon,  copper,  zinc.  Iron.  However 
secondary  SAP  possesses  higher  corrosional  stability  than 
the  alloy  D16. 

It  Is  necessary  to  note  that  for  SAP  from  secondary 
aluminum  the  characteristic  (as  for  primary  SAP)  of  smooth 
variation  of  the  curve  of  dependency  of  ultimate  strength 
with  temperature  of  test  Is  still  retained,  and  the  ul¬ 
timate  strength  of  SAP  from  secondary  aluminum,  starting 
at  300c,  exceeds  the  ultimate  strength  of  the  usual  alum¬ 
inum  alloys  VDI7,  D16  and  others. 
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TABLE 


Mechanical  properties  of  SAP  from  secondary  aluroinxim, 
SAP  from  primary  alumlnvun,  pure  aluminum, 
and  alloy  Dl6  after  corrosion  tests 


Hr  ilo  KOpporSHH  1 

i6nOCJIC  KOppQ3HiI  1 

otyuciibniciiHc  D  H 

^  Marepnaji 

B 

u 

1 

tCriMM^ 

% 

kFJmm^ 

•• 

0 

AOO 

11.6 

34 

12.0 

34.2 

HeiJ^ 

Hert 

^CAFI  N3  nepBHM- 

39.8 

9.0 

39.7 

8.8 

Hcit 

Hct£ 

Horo  a;iiOMHiiHsi(7.5% 
AI2O3) 

f  CAFI  H3  BTOpitqifO- 

43.6 

1.3 

40.7 

1.2 

7 

Hct^ 

ro  aaioMKHitfl  (7% 
AI2O3) 

^CnjiaB  ill6 

61,0 

16,8 

43.5 

6.7 

15 

60 

a  -  Material;  b  -  Before  corrosion;  c  -  After 
corrosion;  d  -  Decrease  in  e  -  SAP  from 
primary  aluminum  (7.5^  AI2O3);  f  -  SAP  from 
secondary  alumlniuii  (7^  AI2O3);  g  -  Alloy  DI6; 
h  -  none. 


SAP  from  secondary  aluminum  has  hlcth  ultimate  strength 
thanVs  to  the  finely-dispersed  structure  and  the  presence  of 
highly-dispersed  particles  of  the  oxide  phase  (Fig  2). 


Fig  2.  Microstructure  of  SAP  rod  from  secondary 
aluminum,  x  500. 
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The  hlffh  strength  characteristics  of  SAP  froir  secon¬ 
dary  aluminum  once  asaln  confirm  the  nosslbllity  of  obtain- 
Ine  by  methods  of  nowder  metallurgy  of  standard  aluminum 
alloys  with  finely-dispersed  str>,icture  and  high  properties; 
this  will  allow  us  to  avoid  certain  forms  of  rejects  during 
casting:  liquation,  colamnar  structure,  large-crystal 
Inclusions  of  the  Intermetallles  and  others. 

Conclusions 

1.  SAP  with  7%  AlpO-i,  obtained  from  secondary  alum- 

Inu"’,  has  at  20C  kg/min2  and  <J  =  4^;  at  300C  ^5=  15 

Vg/mm^  and  6%  and  500C  (g=  2.5  kg/mm^  and  S  = 

2.  Corroslcnal  stability  of  SAP  from  secondary  alum¬ 
inum  is  lower  than  for  primary  SAP,  but  higher  than  for  the 
alloy  D16. 


TECHNOLOGY  CF  EXTRUSION  OF  LARGE-DIMENSION  HALF-FINISHED 
PRODUCTS  PROM  SAP  (p  31  of  source) 

V.G.  Kovrlzhnykh,  Yu.N,  Ponagaybo,  V.I.  Sverlcv 


(Encrlri^erp  V.M.  Bararchlkov,  V.A.  Tikhomirov,  G.F. 

Bul-maT.ov,  O.I.  Albert,  E.S.  Volkov,  3,1.  Paaynkov, 

M.V.  Kopytova,  E.R.  Romanova,  technician  Z.A. 

Pavlenko  parulclpated  in  this  work) 

In  the  manufacture  of  different  half-finished  pro¬ 
ducts  from  SAP  we  used  the  very  same  equipment  (presses, 
furnaces,  saws,  etc.)  and  tools  (dies)  press-plates,  etc.), 
which  usually  are  used  during  pressing  of  half-finished 
nroducts  from  aluminum  and  Its  alloys. 

Heating  of  briquettes  for  pressing  Is  carried  out  In 
electrical  resistance  furnaces  with  circulation  and  without 
circulation  of  air.  Briquettes  were  heated  to  a  temperature 
g20-5'”OC,  and  In  certain  cases  to  higher  temperatures,  At- 
te~ptE  to  press  different  forms  of  half-finished  products 
from  brlouettes  heated  tc  a  temperature  lower  than  300C 
always  ended  In  failure:  the  briquette  would  not  extrude. 
Basic  data  on  conditions  and  parameters  of  pressing  are 
c-lv€»;  In  Table  1,  Temperature  of  briquette  constituted 
52O-5t0C,  temperature  of  container  was  430-450C, 

The  process  of  pressing  of  half-finished  products 
from  SAP  Is  connected  with  certain  peculiarities,  caused 
by  the  nature  of  the  material. 

The  briquette  before  pressing  should  be  heated  to  a 
temperature  hleiher  than  500C.  At  lower  temperatures 
it  is  Impossible  to  conduct  the  process  since  the  resistance 
to  deformation  of  the  weakly  heated  material  is  too  great 
and  specific  pressures  in  the  deformation  regions  are  In¬ 
sufficient, 

However  heatlnc  of  briquette  before  pressing  to  a 
te^nernture  higher  than  500C  still  Is  not  a  sufficient  con¬ 
dition  to  ensure  flow  of  the.  material.  Very  frequently, 
even  with  heatlnm  of  briquette  before  pressing  to  520-530C,the 
process  of  extrusion  does  not  start  If  the  force  on  the 
nlunaer  Increases  slowly.  In  the  beginning  of  the  process  of 
extruding  during  slow  build-up  of  load  on  the  plunger,  there 
occurs  a  slow  additional  settling  of  the  briquette  In  con¬ 
tainer,  In  the  course  of  which  there  Is  a  gradual  Increase 
of  the  surface  of  contact  of  the  briquette  with  the  die  and 
the  plunger  of  the  container. 


Table  1 


H'lK'MCHOUai'.iiC 

M  p;i3MC|i  iiony- 
4>a6pKKaTOi: 

a, 

Pa3MCp 

OpMKCTa 

MAI 

/l!!aMCTp 
i  KOUTefi- 

HCpa 

MJS 

c- 

K  0.1  If* 
secTPo 
04KOP 

R  Mat' 
jLpnnc 

CreiiciiL 

Aef[>op- 

MaiiHii 

e.' 

K0':j4'- 

PMTHJK- 

^KM 

Cr.opocTi. 

HCTC'ie- 

HHn 

mJmuh 

Hojioca  i-f 
12X100X2500 

0  135x250 

140 

1 

92 

12.8 

0 

8-10 

•  25X210X400 

0  200X450 

285 

1 

92 

12.3 

8-10 

27X95X4000 

0  200X450 

285 

2 

92 

12.4 

8-10 

30X240X3000 

0  200X450 

285 

1 

89 

8.9 

8-10 

npyroK  i 
045X5000 

0  260x450 

285 

3 

92 

12.3 

8-10 

050x4000 

0  260x450 

285 

3 

91 

10.8 

8-10 

0  50x5500 

0  260x450 

285 

2 

94 

16.2 

8-10 

0  120X6000 

0350x650 

370 

1 

90 

10 

4-6 

0  130X5000 

0  350x650 

370 

1 

88 

8.5 

4-6 

0  170x8000 

0500x900 

520 

1 

89 

9.3 

4-6 

riojioca^ 

30X405X12000 

0  500x900 

520 

1 

94 

17,4 

&-8 

a  -  Designation  and  dimension  of  half-finished 
products  mm;  b  -  Dimension  of  briquette  mm; 
c  -  Diameter  of  container  mm;  d  -  '^antity  of 
openings  in  die;  e  -  Degree  of  deformation  %; 
f  -  Coefficient  of  drawing;  g  -  Exit  velocity 
m/mln;  h  -  Strip;  1  -  Rod. 

Since  between  the  briquette  on  the  one  hand  and  the 
container  plunger  and  the  die  on  the  other  there  always 
exists' 8  temperature  drop  (100-120C)  then  as  the  briquette 
shrinks  It  is  cooled.  When  the  compaction  of  the  briquette 
Is  finished,  and  specific  pressures  In  the  material  of  the 
briquet':  attain  their  maximum  values,  the  temperature  of  the 
briquette  Is  strongly  lovfered  and  Instead  of  520-530C  be¬ 
comes  lower  than  500C.  With  such  a  temperature  of  briquette 
the  process  of  extruding  Is  not  able  to  start.  During  fast 
loading  of  the  pliinger  the  temperature  of  the  briquette  does 
not  descend  lower  than  the  limit  ensuring  Initiation  of  flow 
of  the  briquette  through  the  die.  With  beginning  of  flow  the 
temperature  of  the  briquette  starts  to  Increase  rapidly  due 
to  the  very  large  thermal  effect  of  deformation  and  flow 
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of  the  material  continues  to  termination  of  extrusion. 

Lubrication  of  the  tool  facilitates  pressing,  therefore 
a  high  speed  of  application  of  load  on  the  plunger  in  the 
beginning  of  pressing  Is  not  required. 

There  exists  an  upper  limit  of  speed  of  pressing  of 
half- finished  products  from  standard  aluminum  alloys. 

Above  this  limit  the  surface  of  the  article  starts  to  crack, 
and  with  a  ftirther  Increase  of  speed  of  pressing  the  con¬ 
tinuity  of  the  metal  over  the  entire  section  Is  destroyed. 
During  pressing  of  half-finished  products  from  SAP  there  Is 
observed  the  Inverses  with  small  exhaust  velocities  (prac¬ 
tically  lower  than  4-5  m/mln)  on  surface  of  the  half-finished 
product,  as  a  ;rule,  there  appear  cracks,  with  high  exhaust 
velocities  (higher  than  4-6  m/mln)  this  defect  la  absent  and 
the  pressed  article  has  a  smooth  and  brilliant  surface.  On 
Fig  1-2  are  given  photographs  of  strip  of  section  30  x  405 
mm  and  rod  of  diameter  170  mm,  pressed  with  small  exhaust 
velocities,  while  on  Fig  3-4  are  shown  the  same  articles, 
pressed  with  higher  speeds. 


Fig  1.  Strip  30  X  405  pressed  with  low  ex¬ 
haust  velocity. 

Existence  of  a  connection  between  formation  of  cracks 
and  small  exhaust  velocity  Is  confirmed  also  by  the  presence 
of  these  defects  on  the  leading  ends  of  many  articles,  pres¬ 
sing  of  which  was  conducted  with  speeds  to  10  m/mln.  No 
matter  how  high  the  rate  of  Increase  of  pressure  on  the 
plunger  In  the  beginning  of  pressing,  the  flow  of  the  leading 
end  always  starts'wlth  speeds  <4  ro/mln,  therefore  on  the 
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leading  end  of  half-finished  products  there  are  formed  cracks. 
Subsequently,  when  the  speed  la  Increased,  extrusion  pro¬ 
ceeds  normally.  Pressing  v/lth  high  speeds  always  Is  ac¬ 
companied  very  large  heat  emission.  The  material  during 
pressing  Is  heated  so  much  that  a  pink  glow  appears.  Com¬ 
parison  of  these  facts  gives  a  basis  to  assume  that  the 
cause  of  appearance  of  cracks  la  the  low  plasticity  of  ma¬ 
terial,  with  Insufficiently  high  temperature  of  the  die 
outlet. 

However  this  question  has  had  little  study,  therefore 
exact  indication  of  the  mechanism  of  crack  foirmatlon  is  Im¬ 
possible.  Obviously  between  low  temperature,  low  plasticity 
and  ability  of  the  material  to  bind  there  exists  a  definite 
Interconnection. 


Fig  2.  Rod  of  diameter  170  mm,  pressed  with 
low  exhaust  velocity. 


It  Is  necessary  to  consider  that  excessive  Increase 
of  speed  of  pressing,  especially  during  manufacture  of  large- 
dlmenslon  articles,  can  evoke  destruction  of  another  type. 

On  Fig  5  Is  represented  a  photosraph  of  a  section  of  rod  of 
diameter  130  mm,  on  which  there  Is  a  conspicuous  longitudinal 
crack.  This  rod  was  oressed  with  an  exhaust  velocity  of 
more  than  10  m/mlnute.  Immediately  after  pressing  Its  sur¬ 
face  was  clean,  smooth,  without  defects,  as  a  result  of  the 
strong  heating  It  had  a  pink  glow. 


Fig  3.  Strip  30  X  405  mr;,  pressed  with  high 
exhaust  velocity. 


Fig  4.  Rod  of  diameter  170  mm,  pressed  with 
hlRh  exhaust  velocity. 


Several  minutes  after  termination  of  presBlng^^on  the 
surface  of  the  rod  there  was  formed  a  longitudinal  craek 
which  gradually  spread  to  approximately  3/4  length  of  the 
rod.  Increase  of  length  of  crack  was  also  accompanied  by 
widening.  Through  the  formed  crack  there  were  seen  the 
red-hot  internal  layers  of  metal.  Simultaneously  with  the 
formation  of  the  crack  the  surface  of  the  rod  was  covered 
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by  bubbles. 

Cause  of  the  appearance  of  bubbles  could  be  the  evolv¬ 
ing  of  gases  as  a  result  of  strong  heating  while  formation 
of  the  cracks  apparently  is  connected  with  the  action  of 
stretching  stresses  which  appear  In  the  outer  layers  of  the 
rod  during  cooling  from  the  surface. 

It  is  necessary  to  note  that  pressing  with  moderate 
speeds  of  rods  of  large  diameter  did  not  evoke  the  appearance 
of  bubbles  or  cracks. 

One  of  the  peculiarities  of  pressing  of  half-finished 
products  from  SAP  is  that  the  quality  of  their  sur¬ 

face  varies  along  the  length:  approximately  over  the  last 
third  of  the  half -finished  product  approaching  the  trailing 
end  there  Is  an  Increased  quantity  of  surface  defects.  While 
the  outlet  end  and  middle  of  tho  half-finished  product  have 
a  hlffh  quality  (sometimes  even  mirror)  surface,  especially 
with  sufficiently  high  degress  of  deformation,  on  the  trail¬ 
ing  end  there  frequently  appear  quite  deep  scratches  and 
scaling  which  are  the  result  of  the  remalniri,  material  ad¬ 
hering  to  the  die  near  the  working  region. 


Fig  5.  Longitudinal  crack  and  bubbles  on  rod  of 
diameter  120  mm,  preseed  with  exhaust  velocity  more  than 
10  m/mlnute. 

During  pressing  of  half-finished  products  from  SAP 
on  the  Inner  surface  of  the  plunger  of  the  container  there 
always  Is  an  aluminum  ’’sleeve"  remaining  from  pressing  of 
Ingots  of  aluminum  alloys.  In  the  Initial  moment  of  pres¬ 
sing,  when  flow  of  material  occurs  from  the  central  volume, 
the  extruded  article  has  an  even,  smooth  surface.  With  the 
decrease  of  volume  of  briquette,  part  of  the  "sleeve"  metal 
Is  drawn  Into  the  region  of  deformation  In  the  form  of  a 
thin  layer  between  the  moving  volumes  of  metal  and  the 
stationary  "dead  volume"  located  at  the  die.  On  exiting 


fror  the  die  openlnp  the  layer  of  alumlniur  Is  on  the  surface 
of  the  extruded  half-finished  product  in  the  form  of  a  thin 
sleeve  (stratification). 

fiy  virtue  of  a  nxunber  of  causes  the  flow  of  the  alum¬ 
inum  ''Sleeve"  can  start  unslmultaneously  from  all  sections 
of  the  surface  of  the  pluncer  of  the  container,  can  at  any 
time  suddenly  cease  in  a  particular  section,  etc.  In  these 
cases  a  nor.uniform  surface  of  the  articles  is  obtained. 
SoTretlmes  aluminum  "sleeve"  is  scaled  from  the  surface  of 
article  or  is  Inflated  into  bubbles.  Although  this  kind  of 
stratification  is  easily  removed  and  does  not  Influence  the 
quality  of  the  articles  themselves  the  appearance  of  the  half 
finlshec  products  is  poor. 

V!hen  pressing  approaches  termination  and  the  press- 
vasher,  advancing  forward,  attains  the  "dead  volume",  there 
starts  a  flow  of  material  from  this  volume  no  loncer  as  a 
result  of  a  shift  of  the  boundary  of  the  shearing  strains 
(surface  of  matrix  funnel)  into  the  depth  of  the  "dead 
volume",  but  due  to  slip  of  material  along  the  end  surface 
of  the  die  and  there  occurs  flow  of  material  fiHim  the  zones 
directly  adjacent  to  the  orifice. 

During  pressing  of  half- finished  products  from  the 
aluminum  alloys  this  phenomenon  is  also  encountered;  metal, 
ensuln?  from  the  "dead  volume",  being  separated  from  the 
basic  volume  by  the  discontinuous  oxidized  film,  is  so 
tightly  welded  with  the  basic  metal  that  frequently  one  can 
determine  the  boundary  only  on  a  carefully  prepared  and 
etched  slide.  In  those  cases,  when  for  some  reason  or  other 
between  these  volumes  of  metal  there  is  lubricant,  dirt,  etc., 
welding  does  not  occur  and  the  stratification  is  separated 
easily  and  freely. 

Miring  pressing  of  half-finished  products  from  SAP 
the  material  of  the  "dead  volume"  turns  out  to  be  separated 
from  the  basic  material  of  the  briquette  by  a  comparatively 
thick  layer  of  aluminum,  durable  welding  between  them  does 
not  occur  and  very  frequently  the  surface  layer  is  separated 
Immediately  upon  getting  out  of  the  die.  Since  the  scaling 
usually  is  of  significant  thickness  (from  1  to  10  mm  depend¬ 
ing  upon  dimensions  of  half-finished  products)  the  nart  of 
the  article  on  which  scaling  appears  is  rejected. 

Data,  obtained  as  a  result  of  investigations  conducted 
(Table  2)  show  that  the  technology  of  pressing  of  half- 
finished  products  from  SAP  differs  from  the  technology  of 
pressing  of  standard  aluminum  alloys. 

Pressed  half-finished  products  from  SAP  at  room 
temperature  have  co’''Paratlvely  high  strength  and  elongation. 
With  Increase  of  temperature  of  tests  the  strength  charac- 
teristict;  and  elongation  are  lowered.  One  may  assume  that 
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Table  2 

Mechanical  nrooertlea  of  25  x  210  strip  (P.8^  AI2O3)  after  annealing  at 
400-600C,  T'ea^-'  values  froT  teste  of  5  sa-^nles  oer  point. 

a  -  Duration  of  annealins  in  hours;  b  -  Tests  at  20C ;  0  -  Tests  at  500C. 


the  ultimate  strength  with  Increase  of  temperature  In  the 
interval  20-500C  decreases  linearly,  on  the  average  by 
1’  kg/mmS  for  every  25C.  At  temperatures  higher  than  350C 
the  strength  properties  of  pressed  articles  from  SAP  are 
higher  than  articles  from  any  other  aluminum  deformed  alloy. 

The  strength  properties  of  a  large  part  of  the  half- 
finished  products  from  SAP  (especially  strip)  pressed  with 
a  sufficiently  high  degree  of  deformation  are  practically 
Independent  of  direction  of  pressing,  annealing  for  100  hours 
at  a  temoereture  to  500C,  holding  at  temperatures  to  500C 
for  580  hours  under  a  stress  equal  50jJ  of  the  ultimate 
strength  of  the  material  at  the  temperature  of  annealing. 

The  strength  properties  of  half-finished  products 
at  room  temperature  are  affected  by  technological  factors 
and  also  by  the  content  of  aluminum  oxide  In  the  material. 
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Fig  6.  Point  Inclusion  In  rod  of  diameter 
50  mm,  X  100 

The  surface  of  etched  macrographs  Is  monotone  matte 
with  a  large  quantity  of  black  point  Inclusions  of  dimension 
to  1  mm  (Fig  6).  Investigations  have  established  that  the 
point  Inclusions  have  microhardness  (with  a  load  of  50  kg) 
of  6OO-7OO  kg/mm^  and  react  positively  to  iron  In  a  check 
by  the  liquid-drop  method.  It  Is  possible  to  assume  that 
these  inclusions  are  particles  of  ferrous  metal,  which 
entered  the  powder  during  grinding  as  a  result  of  destruc¬ 
tion  of  the  balls  and  Internal  sheathing  of  the  ball  mill. 

The  microstructlon  of  the  material  does  not  have  any 
signs  of  gremular  structure.  On  the  white  matrix  of  alum¬ 
inum  there  are  seen  evenly  distributed  particles  of  the  oxide- 
phase. 

On  longitudinal  mlcrosectlons  one  may  see  the  clearly 
defined  filamentary  location  of  nartlcles  of  the  oxide  chase 
(Fig  7). 
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\  Fig  7.  Mlci*o8t]ructure  of  pressed  half-finished  pro¬ 
duce  from  SAP. 

a ^Slongltudlngal  slide;  b  -  transverse  slide,  x  130 


\  Conclusions 

Larg^dlmenslon  pressed  half-finished  products  from 
SAP  can  be  ob^lned  on  existing  press  equipment  by  the 
method  of  hot  ^iquettlng. 

With  correct  selection  of  conditions  for  pressing 
(temperatures  of  tieatlng  and  speed  of  pressing)  the  tech¬ 
nology  of  hot  brlmnettlng  ensures  good  quality  of  the  half- 
finished  products,  ^bbles  and  Internal  stratifications  In 
the  material  are  comMetely  absent. 

Using  the  developed  technology  we  produced  experimen¬ 
tal  lots  of  different  pressed  half-finished  products  from 
SAP:  rods  of  diameter  from  45  to  170  mm  and  strip  of  sec¬ 
tion  to  30  X  405  mm. 


INFLUENCE  OF  HEATING  OF  ALUMINUM  POWDER  BEFORE  BRIQUET* 
TINS  ON  MECHANICAL  PROPERTIES  OP  PRESSED  HALP- 
FINISItED  PRODUCTS  (p  4l  of  source) 

P.V.  Klshnev,  E.A.  Kuznetsov,  P.T.  Vlasova 


As  ve  know,  aluminum  povder  contains  a  large  quantity 
of  sources  of  sas,  which  are  the  oils  added  during  crushing 
of  the  powder  In  ball  mills,  and  moisture.  The  very  l«u?ge 
specific  surface  and  high  hydroscoplclty  of  aluminum  oxide 
lead  to  significant  saturation  of  alumlnxim  powder  by  mois¬ 
ture  and  formation  of  the  hydrate  of  aluminum  oxide  Al203» 
3H2O.  At  temperatures  of  the  order  of  450-550C  tbere  starts 
decomposition  of  the  hydroxide  and  Interaction  of  It  with 
the  aluminum  by  the  reaction 


2A1+3H,0==AIA+3H,+0. 


which  leads  to  additional  oxidation  of  the  aluminum  and 
evolution  of  hydrogen.  If  the  decomposition  of  the  hydroxide 
occurs  In  a  compact  material,  the  evolving  hydrogen  causes 
swelling.  Consequently,  for  obtaining  from  SAP  finished 
articles  of  good  quality  It  Is  necessary  In  the  process  of 
manufacture  -f  the  material  to  create  favorable  conditions 
for  removal  of  gases.  Earlier  existing  technology,  which 
Included  the  following  basic  operations:  cold  briquetting, 
prepressing  of  briquettes  at  450-500C  and  pressing  at  45O- 
550c,  did  not  ensure  a  sufficient  degree  of  degassing  of  the 
material  and  therefore  In  a  number  of  cases  during  pressing 
and  especially  during  rolling  of  half-finished  products 
there  appeared  Internal  stratifications  and  bubbles  on  the 
surface. 

Heating  of  the  powder  before  briquetting  at  definite 
temperatures  should,  probably,  to  a  significant  degx^e 
promote  destruction  of  the  sources  of  gas  thanks  to  burning 
out  of  oil  and  decomposition  of  the  hydroxide.  Forming  gases 
can  freely  depart  through  numerous  pores. 

For  the  purpose  of  determination  of  optimum  conditions 
of  heating  of  powder  before  briquetting,  ensuring  a  sufficient 
degree  of  degassing  and  good  mechanical  properties,  heating 
of  powder  was  carried  out  over  a  wide  Interval  of  temperature— 
from  100  to  600c  (every  lOOC), 
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For  Investigation  we  used  aluminum  powder  of  brand 
APS  with  content  from  7.1  to  16.0J^  AI2O3.  The  technology 
of  manufacture  of  pressed  half-finished  products  was  the 
following:  heating  of  powder  before  briquetting,  briquet¬ 
ting  In  container  heated  to  420C,  prepressing  at  450-500C, 
and  pressing  at  450-55OC. 

Briquetting,  compacting  and  pressing  were  perforced 
on  a  horizontal  hydraulic  press  with  a  force  of  300  T  In  a 
container  of  diameter  70  mm.  Heating  of  powder  was  carried 
out  In  an  electrical  resistance  furnace  without  circulation 
of  air. 


-.to  no  m  300  000  500  too 
i^tnnepamypa  Kozpeta  m/Opa  t*C 


Fig  1.  Chanrre  of  content  of  alumlmim  oxide  in 
povfder  of  brand  APS.  depending  upon  tem¬ 
perature  of  heating, 

a  -  Content  of  aluminum  oxide  In  Jt;  b  -  Tempera¬ 
ture  of  heating  of  powder  In  C, 
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Fig  2.  Change  of  quantity  of  oil  In  powder  APS 
depending  upon  temperatures  of  heating. 

a  -  Content  of  oils  In  b  -  Temperature  of 
heatlnK  of  powder  In  C. 
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During  heating  to  100,  200,  300  the  time  constituted 
15  min,  during  heating  to  400,  500,  600  it  was  15  min,  1 
hour,  5  hours.  In  the  process  of  heating  a  sample:  was 
taken  for  determination  of  content  of  aluminum  oxide  and  oils. 
On  Fig  1  Is  shown  the  change  of  the  content  of  AlpO^  depend¬ 
ing  upon  temperature  of  heating  of  powder  of  two  lots.  In¬ 
tensity  of  oxidation  In  the  Interval  100-600C  with  holding 
for  15  min  at  every  temperature  does  not  depend  on  the  con¬ 
tent  of  aluminum  oxide  In  Initial  powder.  With  Increase 
of  temperature  to  600C  the  quantity  of  AI2O5  Increased  by 
2.5-3.05?  as  compared  to  the  Initial  state.  Content  of  oils 
with  Increase  of  temperature  to  300C  decreased,  further 
Increase  of  temperature  to  600C  did  not  lead  to  change  of 
content  of  oils  In  powder  (Fig  2). 

For  determination  of  degree  of  degassing  of  material 
In  the  process  of  heating  of  powder^  samples  were  cut  from 
briquettes,  billets  and  pressed  half-finished  products. 

Change  of  quantity  of  gases  depending  upon  temperature  and 
duration  of  heating  was  estimated  by  content  of  hydrogen, 
inasmuch  as  the  latter  Is  the  product  of  disintegration  of 
moisture  and  oils.  Definition  of  content  of  hydrogen  was 
carried  out  with  help  of  heating  In  vacuum  and  analysis  of 
gas  mixture  by  the  volume  method.  The  analyzed  sample  was 
heated  tc  800C. 


XK: 


Fig  3-  Change  of  content  of  hydrogen  In  bri¬ 
quettes,  billets  and  pressed  half- 
finished  products  depending  upon  tem¬ 
perature  of  heating  of  powder  and  time 
of  holding. 

a  -  briquette;  b  -  billet;  c  -  pressed  strip; 
d  -  hours 
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In  Table  1  and  on  Fig  3  are  given  results  of  the  gas 
analysis  of  briquettes,  billets  and  pressed  half-finished 
products. 


Table  1 


^TcMnepatypa  warpcM  ■  *C 


Ou 

Bhau  MarepKajia 


I 


soo 


T 


600 


C»  BuaepiKKa  »  hoc 


Ol  coxepixaHMe  Boxopoxa  •  X 


CEpHKCTU 

0.039 

0.022 

0.020 

0.014 

O.Oli 

0.002 

PSaroTOBKH 

— 

0.020 

0,023 

0,015 

0.090 

0.002 

^pcccoBaiiifue  nojiy* 

0  4>a6pHKaTii( 

0.025 

0.015 

o.m 

0.012 

0.0018 

a  -  Forrs  of  material;  b  -  Temperature  of  heating 
In  C;  c  -  holding  In  hours;  d  -  content  of  hydro¬ 
gen  In  e  -  Briquettes;  f  -  Billets;  g  -  Pressed 

half-finished  products. 


With  Increase  of  temperature  of  heating  of  powder 
before  briquetting  from  400  to  600C  the  content  of  hydrogen 
In  briquettes,  billets  and  pressed  half-finished  products 
decreased  to  a  significant  degree.  The  least  quantity  of 
hydrogen  was  revealed  In  pressed  half-finished  products  ob¬ 
tained  from  powder  preliminarily  heated  to  600C  and  held 
at  this  temperature  during  5  hours. 

It  la  necessary  to  note  that  heating  of  briquettes 
before  compacting  and  pressing  promoted  removal  of  vases 
only  In  the  case  when  the  powder  was  heated  to  a  lover  tem¬ 
perature.  In  the  briquette  obtained  at  400C  with  holding 
durlnp  1  hour  and  5  hours  the  content  of  hydrogen  consti¬ 
tuted  0.039  and  0.022  ^  correspondingly,  and  In  the  pressed 
half-finished  products  --  0.025  and  0,0155^.  Heating  before 
compacting  and  pressing  to  500C  led  to  additional  degassing 
of  the  material. 

If  briquetting  is  done  at  500  and  6C0C,  l.e,  with 
those  same  temperatures  as  compacting  and  pressing  (or  above 
by  lOOC),  additional  degassing  does  not  occur.  Thus,  an¬ 
nealing  of  powder  before  briquetting  from  the  point  of  view, 
of  degassing  Is  expediently  conducted  at  600C.  Holding  time 
at  this  temperature  obviously  will  depend  on  dimensions  of 
briquettes.  The  larger  the  dimension  of  briquette,  the 
longer  the  time  required  for  removal  of  gases. 
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Content  of  alurolnuK  oxide  In  pressed  half-finished 
products  is  al!to6t  independent  of  temperature  and  duration 
of  heating;  in  the  interval  400-600C  (Table  2),  while  the 
quantity  of  aluminum  oxide  in  the  powder  continuously  in¬ 
creases  with  an  increase  of  temperature  from  100  to  oOOC, 
as  was  shown  above. 


Table  2 


TcMBeparypa  iiarpc»a 
CU  * 

400 

too 

800 

IpCMf  wuepacKM  •  nac 

'ir 

1 

S 

1 

S 

1 

S 

CoAepacaHHe  AltOa 
•  tDCccotaHiiux  ftoay- 
^a^Kiias  a 

9.02-9s27 

« 

9.02-8.C0 

8.57-^8.55 

9.34-9,36 

1 

9,46-9.67 

10,37-10.76 

a  -  Temperature  of  heatinc  in  C;  b  -  Time  of 
holding  in  hours;  c  -  Content  of  AI2O3  in 
pressed  half-finished  products  in 


The  mechanical  properties  of  pressed  half-finished 
products  are  represented  in  Table  3.  Ultimate  strength 
and  elongation  were  not  changed  with  increase  of  temperature 
of  heating  of  powder  to  500C  with  duration  of  15  minutes. 
Further  Increase  of  temperature  to  600C  evoked  an  insig¬ 
nificant  drop  of  ultimate  strength  —  by  1-2  kg/om^  and  in¬ 
crease  of  elongation  by  0. 8-1.0^.  On  Fig  4  is  shown  the 
change  of  mechanical  pronertles  of  pressed  half-finished 
products  depending  upon  temperature  of  test  (briquetting 
at  100  and  600C),  Character  of  change  of  ultimate  strength 
and  elongation  in  each  case  is  identical.  However  at  lOOC 
the  ultimate  strength  is  somewhat  higher  and  elongation  is 
lower  than  at  600C. 

An  essential  influence  on  mechanical  procertles  was 
shown  by  the  duration  of  holding  of  powder  at  high  tem¬ 
peratures.  Holding  of  briquettes  for  5  hours  at  600C  (Fig  5) 
brought  a  drop  of  ultimate  strength  at  room  temperature  of 
5  kg/rom2  and  Increase  of  eloncatlon  of  5.5<. 

With  Increase  of  temperature  of  heating  of  powder 
from  400  to  600C  the  ultimate  strength  of  samples  tested  at 
500c  is  lowered  by  2  kg/mro^  and  elongation  is  increased  by 
(Pig  6).  Such  change  of  mechanical  properties  is  im¬ 
possible  to  explain  only  by  decrease  of  content  of  gases  in 
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Table  3 


Tey.ne- 

p.^iypa 

opitKe- 

TMpOBa- 

HHR 

Co.icp- 

xcaiute 

AI2O3 

% 

ty 

1  Oi^  TeMficpatypa  nciiwicMiin 

n  •€ 

20 

250 

1 

501 

[) 

fl 

1 

Q 

1 

Q 

e  % 

100 

IB 

38.5 

7.0 

22.5 

4.0 

BB 

B 

Bi 

1.2 

la 

42.8 

2.8 

25.3 

3.1 

IB 

m 

K91i 

39.2 

7.0 

22.6 

3.3 

3.2 

10.5 

1.2 

16.0 

43.0 

3.3 

24.2 

3.2 

la 

1.7 

12.4 

m 

300 

WM 

37.5 

9.3 

Bi 

3.8 

4.1 

la 

1.7 

la 

42.8 

3.4 

H 

3.3 

n 

1.7 

la 

m 

400 

IB 

38.0 

8.2 

22.2 

4,3 

17.2 

1.7 

la 

41.4 

3.5 

21.1 

3.1 

20.4 

la 

m 

n 

10.5 

37.6 

7.2 

22.5 

1 

la 

2.8 

10.4 

1.6 

16.0 

42.4 

3.2 

23.6 

1 

Ih 

1.S 

n.4 

10.5 

16.4 

4.5 

n.3 

1.8 

16.0 

<1.2 

3.3 

23.7 

2.3 

20.0 

1.3 

12.0 

0.8 

a  -  Temperature  of  test  In  C;  b  -  Temperature 
of  briquetting  C;  e  >  Content  of  Al20^^. 


pressed  half-finished  products  and  all  the  more  by  Increase 
of  content  of  AI2O3,  since  the  latter  usually  leads  to 
lowering  of  plasticity.  Obviously,  this  Is  connected  either 
with  removal  of  Internal  stresses  or  with  the  partial  re- 
crystalllzatlon,  occurring  In  the  powder  during  heating. 
Inasmuch  as  In  thf  process  of  crushing  of  the  powder  In 
ball  mills  there  Is  work  hardening.  Thus,  by  correct  selec¬ 
tion  of  conditions  of  heating  of  powder  there  can  be  obtained 
pressed  half-finished  products  of  high-quality  with  good 
mechanical  properties.  Hot  briquetting  allowed  us  to  obtain 
a  briquette  of  high  density  (order  of  2.5-2.7g/em3),  while 
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with  cold  brlquettlnp  the  density  of  briquette  constituted 
1. 7-2.0  g/cm*.  Therefore  the  operation  of  precompactlng, 
necessary  during  cold  briquetting,  can  be  excluded  from  the 
technological  process.  The  method  of  briquetting  does  not 
have  any  Influence  on  the  mechanical  properties  of  pressed 
half-finished  produces  (Table  4), 


Fig  4.  Change  of  mechanical  properties  of  pressed 
rods  from  SAP  depmdlng  upon  temperature  of  test  (temperature 
of  briquetting  of  powder  100  and  600C). 

a  -  Temperature  of  test  In  C. 


Pig  5.  Influence  of  temperature  and  duration  of 
heating  of  powder  beforo  briquetting  on  strength  and  elon 
gatlon  of  pressed  strip  at  a  temperature  of  test  of  20C. 

X  —  holding  for 5  hours,  ~  holding  for  1  hour, 
a  -  Temperature  of  annealing  of  powder  In  C. 


Fig  6.  Influence  of  temperature  and  duration  of  heat¬ 
ing  of  powder  before  briquetting  on  strength  and  elongation 
of  pressed  strip  at  a  temperature  of  test  of  500C.  Time  of 
holding  — >•  5  hours. 

a  -  Temperature  of  heating  of  powder  In  C 
Table  4 


Teuneparypa 
^  6pMKeTKpOBaiIHfl 

20 

500 

# 

^  MexaHiiqecKiic  CBoficTBa 
noay<(»a6piiKaTOB  . 

9, 

h  % 

1  % 

..jr 

^  XoaoAHoe  CpHKCTiipona- 
Hiie 

»,3 

12.7 

6.8 

1.0 

^BpHKeTiipoBaHiie  nyApu* 
RarpcTofi  AO  480—500® 

29.5 

12.0 

7.6 

2.2 

a  -  Temperature  of  briquetting;  b  -  Mechanical 
pronertles  of  half-finished  products;  c  -  Cold 
briquetting;  d  -  Briquetting  of  powder  heated 
to  480-5000. 


Conclusions 

1.  Heating  of  powder  before  briquetting  promotes 
degassing  of  the  material.  Least  quantity  of  gases  Is 
revealed  In  powder  held  at  a  temperature  of  600C  for  5 
hours • 


l 
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2»  Mechanical  properties  of  pressed  half-flnlehed 
products  do  not  depend  on  temperature  of  heating  of  povder 
up  to  500c,  Increase  of  temperature  to  600C  leads  to  lower¬ 
ing  of  ultimate  strength  and  Increase  of  elongation* 

3*  Briquetting  of  heated  powder  allows  us  to  obtain 
monolithic  high-quality  briquette  with  a  density  of  2.5- 
2.7  kg/em3.  This  gives  the  possibility  of  excluding  the 
operation  of  precompactlng  which  Is  necessary  during  cold 
briquetting,  as  a  result  of  which  there  is  decreased  work 
of  the  press  equipment. 
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ROLLINS  OF  SHEETS  PROF  SAP  (p  48  of  source) 

M,F.  Zakharov,  F.V.  Zhuravlev,  S.I.  Nomofllov, 

V.A.  Shelaciov 


Earlier  research  works  allowed  us  to  determine  the 
basic  parameters  for  rolling:  of  sheets  of  SAP  from  pressed 
strip*  However  the  limited  dimensions  of  the  pressed  billet 
(maximum  section  of  strip  30  x  240  mm)  In  the  first  stage 
of  the  study  gave  the  possibility  of  lulling  from  this  ma¬ 
terial  sheets  of  thickness  0*8-2. 0  mm,  width  not  more  than 
600  mrn  and  length  to  1500-2500  mm.  Hot  rolling  was  con¬ 
ducted  on  a  two-hlgh  mill  with  preheating  of  rolled  stock 
after  every  passage. 

Such  technology  of  rolling  SAP  turned  out  to  be  ex¬ 
tremely  complicated  and  cannot  be  recommended  for  serial 
production.  To  provide  an  Industrial  asaortmexit  of  sheets 
from  SAP  and  the  possibility  of  use  for  hot  rolling  of 
more  powerful  equipment  (three-hlgh  mill)  It  was  necessary 
in  the  first  place  to  resolve  the  pr  blero  of  obtaining  on 
existing  press  equipment  wider  strip  from  the  SAP,  Strip 
of  section  30  x  240  mm  was  prepared  on  a  horizontal  hydraulic 
press  (5000  T)  at  a  specific  pressure  of  40-60  kg/nnS. 
Diameter  of  operating  plunger  was  306-360  mro. 

For  meuiufacture  on  this  press  of  wider  strip  of  SAP 
use  of  a  container  with  large  diameter  of  plunger  (420  mm) 

Is  not  possible  since  the  maximum  operating  pressure  will 
not  exceed  30  kg/mn2. 

Inasmuch  as  containers  with  rectangular  plungers 
(flat  containers)  allow  us  to  obtain  significantly  larger 
working  specific  pressures  with  the  same  power  of  press, 
for  obtaining  wide  strip  of  SAP  we  designed  and  prepared  two 
special  flat  containers]  a)  for  cold  briquetting  with 
section  of  plunger  140  x  535  mm,  length  of  working  part,  of 
plunger  1240  mm,  actual  stress  In  container  59.5  kg/nnnS; 

b)  for  hot  compacting  of  briquettes  and  pressing 
of  strip  with  section  of  plunger  155  x  550  or  170  x  570  mm 
with  length  of  1240  mm  and  actual  pressure  In  container 
52.0  kg/mmS.  This,  container  has  induction  heating  of  the 
working  plunger. 
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PRESSING  OF  WIDE  SAP  STRIP 

The  basis  of  the  technology  of  production  of  wide 
strip  from  SAP  Is  the  method  of  cold  briquetting.  For  this 
purpose  powder  of  brand  APS-1  (with  content  of  6.5-8. 

AI2O3  and  wolumetrlc  weight  1.1-1.4  g/cm3)  was  poured  Into 
containers  of  sheet  alumlnvun  {6  s  1.0  mm)  of  dimension 
125  X  X  900  mm.  The  surface  of  containers  Is  corrugated 
(Fig  1).  Weight  of  containers  filled  with  powder  was  ap¬ 
proximately  60-90  kilograms.  Before  briquetting  the  surface 
of  the  containers  were  covered  by  lubricant  of  a  mixture  of 
liquid  glass  and  graphite. 


Fig  1.  Flat  container  of  sheet  etlumln\im  of  dimen¬ 
sion  125  X  520  X  900  mm. 

At  a  specific  pressure  of  50-60  kg/nns^  the  density 
of  the  cold-pressed  briquette  attained  2.3-2. 5  g/em3. 

On  Fig  2.  Is  depicted  a  flat  briquette,  obtained  by 
the  method  of  cold  briquetting.  Dimensions  of  briquette 
are  145  x  535  x  450  mm,  weight  about  80  kilograms. 

The  following  tcchnoioglcal  operation  —  hot  compac¬ 
tion  of  the  briquettes  —  was  performed  In  a  flat  container 
with  plimger  section  155  x  550 or  170  x  570  mm.  Before  com¬ 
pacting,  the  briquettes  were  heated  in  an  electric  resistance 
furnace  at  different  conditions  (sustained  4-6  hours  at  4300, 
12  hours  at  4700  and  5  hours  at  5500). 

We  compacted  the  hot  briquettes  In  a  container  heated 
to  410-4200  at  a  specific  pressure  of  45-52  kg/mm^.  Density 
of  stock  after  compaction  constituted  2. 6-2.7  g/em3. 

To  remove  the  remainders  of  container  metal  from  the 
stock  they  were  machined  on  sides  and  edges,  removing  a 
layer  of  shaving  of  thickness  to  5  mm. 


Inspection  of  machined  stock  showed  that  the  heat 
were  those  from  briquettes  heated  to  550C.  On  the  lateral 
faces  of  the  majority  of  the  others  there  were  cracks  of 
depth  to  30  mm* 


Fig  2.  Briquette  obtained  by  method  of  cold  brlquet> 
ting.  .Dimensions  140  x  535  x  400  mm,  weight  60.0  kllogrttns. 

On  Fig  3  are  shown  two  flat  billets  of  prepared 
for  pressing  of  strip.  Thickness  of  billets  is  140-155 
mm,  width  535-.550  mm  and  height  270-370  mm,  Vblght  of 
billet  after  machining  Is  60-75  kg,  percent  of  removal  of 
metal  In  shaving  (taking  Into  account  weight  of  container 
metal)  is  6-12)(. 

Pressing  of  strip  SAP  of  section  30  x  410  mm  was 
performed  from  the  same  containers  in  which  briquettes 
were  compacted.  In  all  we  made  12  strips* 

Conditions  of  Pressing 


Temperature  of  container . 410-450C 

Temperature  of  billet  during  charge 

Into  container . ....420-450C 

Maximum  specific  pressure  during 

pres^Mg  . . 42-46  kg/ma^ 

Exit  velocity . 1.6-2. 6  and 

6.0-6. 0  k/nln 


Coefficient  of  drawing  during  pressing* .7*4 

Results  of  work  on  cold  briquetting,  hot  eompaetlng 
and  extrusion  of  wide  strip  from  SAP  in  flat  containers  on 
a  horizontal  hydraulic  press  (5300  I)  allow  us  to  make  the 
following  conclusions. 

Cold  briquetting  of  SAP  in  flat  cans  in  a  specially 
prepared  container  (without  heating)  with  section  of  plunger 
140  X  535  mm  gave  the  possibility  of  obtaining  flat  briquet¬ 
tes  of  weight  to  90  kg  without  surface  defects;  density  of 


55 


briquet wSS  constituted  2.3-2. 5  g/cin3, 

briquettes  before  compaction  have  to  be  heated  to 
550-600C.  In  the  process  of  heating,  appearance  of  defects 
was  not  observed. 

The  exit  velocity  during  extruding  should  be  not  less 
than  7. 0-8.0  ffi/mlriute. 

From  billets  obtained  by  compaction  of  briquettes  and 
heated  to  a  temperature  below  530C,  and  also  from  billets 
pressed  at  an  exhaust  velocity  of  less  than  7*0  m/aln,  we 
obtained  strip  of  unsatlsfactoiy  quality  with  breaks  along 
the  width  and  cracks  along  the  edges. 


Fig  3.  Billets  of  SAP  after  machining  of  hot-pressed 
briquettes,  prepared  for  pressing  of  strip.  Dimensions 
150  X  5‘iO  X  320  mm}  weight  72.0  kilogram. 

On  Fig  4  Is  shown  a  macrotemplet  of  pressed  strip 
SAP  of  section  30  x  410  mm. 


Fig  4*  Maorotempiet  of  strip  SAP  of  section  30  x  410 

ntn# 


ROLLISG  OF  WIDE  SHEETS  OF  SAP 

Pressed  strips  of  SAP  of  section  30  x  410  mm  and 
length  to  1700  mm  were  marked  and  cut  to  sheets  of  length 
to  ^50  mm.  Before  hot  rolling  the  sheets  were  heated  for 
6-7  hours  to  460-480C  In  an  electric  resistance  furnace. 
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Rolling  was  done  on  a  trio  mill  with  rollers  heated 
to  80-100C.  Diameter  of  rollers  was  725  me,  length  was 
1750  mm,  speed  of  rolllrg  was  1*41  m/see.  As  lubricant 
during  rolling  we  used  the  ueual  emulsion  applied  In  rolling 
of  aluminum  alloys* 

In  the  first  passes  the  Siff  sheets  were  rolled  along 
the  Ejcls  of  pressing  to  the  inquired  width  of  stock  (900> 
1300  mm),  then  the  sheet  was  turned  90^  and  rolled  In  the 
final  dimension  to  thickness  of  4-5  mm  after  7-*?9  passes 
with  a  degree  of  reduction  per  pass  of  15-25?t.  Thickness  of 
stock  after  hot  rolling  was  4-5  mm,  width  wee  700  tc  1300, 
length  was  1000  to  1500  mm. 

The  external  appearance  of  sheet  rolled  on  the 
trio  mill  was  fully  satisfactory.  However  along  the  cut 
edges  of  the  8heet,due  to  low  plasticity  of  the  pressed  stock, 
during  the  first  passes  there  were  formed  cracks  of  depth 
to  20-25  mm.  Before  subsequent  treatment  these  edges  end 
ends  were  sheared  off. 

Before  cold  rolling  the  stock  was  first  annealed 
at  440C  to  show  up  bubbles,  stratifications  and  other  de¬ 
fects,  then  etched  In  a  solution  of  NaOH,  brightened 
In  a  10^  solution  of  HNOj  and  washed  In  water* 

After  etching  the  hot- rolled  sheets  were  subjected 
to  Inspection  of  the  surface  for  small  defects.  On  detec¬ 
tion  of  bubbles,  scales,  de laminations,  point  Inclusions 
they  were  cleaned  off.  Cleaning  was  done  manually  —  by 
scraper  or  metallic  brushes* 

Cold  rolling  oftheets  of  SAP  was  conducted  on  duo 
mill  with  rollers  of  diameter  750  mm  and  length  2000  00  •' 
(profile  of  barrel  0*05  mm).  Speed  of  rolling  V  s  1.1  m/sec* 
As  lubricant  we  used  transformer  oil* 


All  finishing  operations  (straightening  and  cutting 
of  sheet  to  final  dimension)  were  executed  on  existing 
workshop  equipment. 


Sheets  of  experimental 
dimensions  (In  mm): 

lots  of 

SAP  had  the  following 

thickness 

width 

length 

’.5+8.0 

1000+1200 

mN-2S00 

0.8+1.0 

100+000 

1500^2000 

0,5+0.6 

500+000 

mMm 

Cold  rolling  on  existing  equipment  of  experimental 
lots  of  sheets  of  SAP  allowed  ss  to  make  the  following 
conclusions*  ' 


Cold  rolllne  should  be  conducted  with  reduction  not 
exceeding  3~5%  ^er  pass.  With  In  '•ease  of  degree  of  reduc¬ 
tion  the  bearings  and  neck  of  rollers  are  heated  rapidly, 
the  profile  of  the  roller  changes  and  due  to  nonunlform 
drawing  of  the  metal  there  are  obtained  deep  lateral  or 
longitudinal  fissures  on  the  sheet. 

During  cold  rolling  of  sheets  of  thickness  1, 5-2-0 
mm  and  width  1000-1200  mm  there  were  observed  variations 
of  thickness  exceeding  the  allowable  limits.  The  middle  of 
the  sheet  Is  significantly  thicker  than  the  edges,  on  some 
sheets  the  difference  of  thickness  attains  15-20/f.  In  the 
future  during  serial  rolling  of  wide  sheets  of  SAP  It  Is 
necessary  to  select  a  suitable  profile  of  taper  of  the  rol¬ 
lers. 


t^K/yrlH* 


Fig  5*  Change  of  mechanical  properties  of  sheet  SAP 
depending  upon  total  deformation  during,  cold  rolling  (tem¬ 
perature  of  test  20C). 


- o -  (ijg  longitudinal; 

- • - es  transverse; 

- a - f  longitudinal; 

- m  -  /  transverse. 

a.  •  %  total  deformation 
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Sheets  of  width  700-1000  mra  can  be  rolled  to  a  thick¬ 
ness  of  0.8-1. 2  mm,  and  sheets  of  width  500-600  mm  to  thick¬ 
ness  ,')f  O.'i-O.?  mm.  Production  of  thin  sheets  of  greater 
width  Is  possible  on  more  advanced  equipment  existing  in 
Industry  ([four-hlsth  rolling  mills). 

The  total  degree  of  reduction  during  cold  rolling 
should  not  exceed  60-655^.  With  larger  degrees  of  reduction 
the  mechanical  pronertles  of  eold-irolled  sheets  at  a  test 
temperature  500C  drop. 

Intermediate  annealing  at  420-450C  for  4-5  hours  of 
cold-rolled  stock  of  thickness  1. 5-2.0  mm  promotes  removal 
of  internal  stresses  and  allows  during  further  rolling  of 
sheets  of  thickness  to  0. 5-0.8  mm  obtaining  values  of 
and  (T  which  differ  little  from  the  mechanical  properties  of 
sheets  of  SAP  of  thickness  1, 5-2.0  mm.  Intermediate  anneal¬ 
ing  also  promoter  exposure  of  bubbles  and  Is  a  control  oper¬ 
ation. 


Fig  6.  Change  of  mechanical  properties  of  sheet  SAP 
deoendlng  upon  total  deformation  durlnot  cold  rolling  (tem¬ 
perature  of  test  500C). 

Designations  the  same  as  on  Fig  5» 

&  -  %  total  deforriatlon 
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Change  of.  !PinlDuin  mechanical  properties  of  experi¬ 
mental  lots  of  wide  sheets  of  SAP  depending  on  overall  degree 
of  total  deformation  during  cold  rolling  la  shown  on  Fig  5 
(test  at  20C)  and  on  Fig  6  (test  at  500C). 

On  Fig  7  Is  shown  the  change  of  mechanical  properties 
of  the  same  lots  of  sheets  of  SAP  depending  upon  temperature 
of  tests. 

On  Fig  8,9,10,11,12  there  is  shown  the  microstructure 
of  sheets  of  SAP  rolled  with  different  degree  of  total  def¬ 
ormation  (powder  with  content  of  6.6%  Al20^). 

On  the  photographs  of  the  microstructures  there  Is 
seen  the  filamentary  nature  of  the  phase  components,  where 
with  an  Increase  of  degree  of  reduction  there  Is  Increased 
disintegration  of  oxide  particles  and  a  sharper  revelation 
of  the  directivity  of  the  structure. 


CtKf/m’ 


0  20  100  200  000  m  fOO 

CuTenneparnypa  ucnt^imafiuu 


Fig  ?•  Change  of  mechanical  propertle  of  sheet  SAP 
depending  upon  temperature. 

Oesifrnatlons  the  same  as  on  Fig  5. 
a  -  Temperature  of  teste  In  C 
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Fig  8,  Micro structure  of  hot-rolled  sheet  SAP  of 
thickness  4.0  mm.  Across  direction  of  rolling,  x  400. 


Fig  9.  Microstructure  of  cold-rolled  sheet  SAP  of 
thickness ^2.0  mm.  Direction  along  rolling.  Total  degree 
of  defomatlon  during  cold  rolling  50%^  X  400. 


Fig  10.  Microstructure  of  cold-rolled  sheet  SAP  of 
thickness  2.0  mm.  Direction  across  rolling.  Total  degree 
of  deformation  durlnc^  cold  rolling  50^,  X400. 
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Fig  11.  Microstructure  of  cold-rolled  sheet  SAP  of 
thickness  0.8  mm.  Direction  along  rolling.  Total  degree 
of  deformation  during  cold  rolling  80^,  X400. 


Fig  12.  Mlcrost3?ucture  of  cold-rolled  sheet  SAP  of 
thickness  0.8  mm.  Direction  across  rolling.  Total  degree 
of  deformation  during  cold  rolling  BOjJ,  X4d0. 

Conclusions 

1.  Application  of  flat  containers  allows  us  to  obtain 
on  a  horizontal  hydrnullc  press  (5000  T)  by  the  method  of 
cold  briquetting  with  subsequent  hot  compacting  of  billets 

of  SAP  of  weight  60-80  kg  from  which  it  is  possible  to  ex¬ 
trude  strip  of  section  30  x  410  mm. 

2.  From  a  sheet  of  such  strip  of  length  to  650  mm 
we  can  roll  on  a  trio  mill  after  7-9  passes  stock  of  thick¬ 
ness  4-5  mm,  width  to  900-1300  mm. 

3.  Cold  rolling  of  such  sheet  and  other  technological 
operations  (annealing,  etching  and  stripping,  straightening 
and  cutting  to  finished  dimension)  in  th^?  production  of  sheet 
SAP  can  be  executed  on  existing  equipment. 


INFLUFICl!  OF  DEGREE  OF  DEFORMATION,  SPEED- AND  TEMPERATURE 
OP  PRESSING  ON  MECHANICAL  PROPERTIES  OF  PRESSED 
HALF-FINISHED  PRODUCTS  (p  58  of  source) 

P.V.  Flshnev,  B.I.  Matveev,  V.S.  Zolotov, 

L.S.  Perevyazkln 

(E.A.  Kuzretsov,  A. A.  Gelman,  G.M.  Bagnenko 

participated  In  this  study) 


For  linprovenient  of  the  technology  of  manufacture  of 
pressed  half-finished  products  (rods,  strips,  profiles  and 
so  forth)  we  conducted  an  Investigation  of  the  influence 
of  degree  of  deformation,  speed  and  temperature  of  hot  pres¬ 
sing  on  the  quality  of  surface  and  mechanical  properties 
of  pressed  half-finished  products.  The  work  was  executed 
In  factory  conditions  on  existing  technological  equipment. 

INFLUENCE  OF  DEGREE  OF  DEFORMATION 

For  establishment  of  optimum  degrees  of  deformation 
during  hot  pressing  of  half-finished  products  aluminum  pow¬ 
der  of  brand  APS-1,  containing  ?•!%  of  alumlnvim  oxide,  was 
subjected  to  briquetting  In  the  heated  state  and  compaction 
with  subsequent  pressing  from  it  of  rods  of  different  di¬ 
ameters  on  a  1500  T  press  In  a  container  of  diameter  130  mm. 

The  conditions  used  for  pressing  of  the  rods  are  given 
in  Table  1.  From  the  obtained  rods  we  prepared  samples  for 
mechanical  tests,  structural  analysis  and  determination  of 
electrical  resistance  of  the  material.  Dependency  of  roe- 
ciianloal  properties  on  degree  of  deformation  at  temperatures 
of  test  of  20  and  5OOC  is  shown  In  Fig  1.  Ultimate  strength 
and  elongation  with  an  Increase  of  defree  of  deformation  to 
8C-6^i  increased  just  as  for  the  usual  aluminum  alloys. 
Furt*.er  increase  of  degree  of  deformation  led  to  an  Increase 
of  elongation,  ultimate  strength  remained  without  change. 

The  Increase  of  mechanical  properties  with  Increase 
of  degree  of  deformation  to  85^  is  connected  with  crushing 
of  the  stmcture  of  the  material  and  the  more  equal  distri¬ 
bution  of  aluminum  oxide  In  the  aluminum  matrix,  and  also 
with  the  Improvement  of  conditions  of  sintering  In  the  or¬ 
ifice  of  the  die  which  Is  confirmed  by  macrolnvestlgatlons 
(Fig  2). 
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Table  1 


Conditions  of  pressing  of  rods 


•  it; 

X 

ss 

o 

u-e* 

•0 

■t-il 

K 

l« 

:•! 

R| 

Cgn 

X 

dfepHKCTMpOlsaHIIC 

noAiii!< 

.•CCOI.Ka 

1  npeCCOi-SHKc 

TCMne- 

pziypa 

*0 

Bpe^R 

AepRKH 

^muh 

•ieMnc- 

pa’i^pa 

i 

apCMH 

BU> 

Acp^Kii 

^MUH 

teMiie- 

paiypa 

f 

CKOpOCTk 

npccco- 

saiiiiH 

mIhoh 

62 

2.6 

80 

450 

1.5 

500 

1.5 

500 

10 

81 

4,3 

63 

450 

1.5 

500 

1.5 

500 

13 

85 

6,7 

50 

450 

1,5 

500 

1.5 

500 

12 

94 

18 

30 

450 

1.5 

500 

1.5 

500 

14 

96 

27 

25 

450 

1.5 

500 

1.5 

500 

15 

98 

53 

18 

450 

1.5 

500 

1.5 

500 

14 

a  -  Degree  of  deformation  In  b  -  Drawing; 
c  -  Diameter  of  rods  In  mm;  d  -  Briquetting; 
e  -  CoTpactlng;  f  -  Extruding;  g  -  Temperature  C; 
h  -  time  of  holding  min;  1  -  speed  of  Dressing, 
m/mlnute 


Fig  1,  Influence  of  degree  of  deformation  on  ultimate 
strength  and  elongation  of  pressed  half-finished  products, 
a  -  Ultimate  strength  In  kg/mm^;  b  -  Degree  of  deformation 
In  %;  c  -  Elongation  In  %. 
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In  Table  2  are  data  on  the  Influence  of  degree  of 
deformation  on  density  and  electrical  resistance  of  half- 
finished  products.  It  had  been  assumed  that  at  high  degrees 
of  deformation  the  density  of  the  material  Is  Increased. 
Experimental  data  did  not  confirm  this.  There  was  also  no 
change  of  electrical  resistance.  In  microanalysis  of 
pressed  half-finished  products  no  ohancfes  In  structure  were 
revealed  (Fig  3). 


Table  2 


Creneub  Ae4>opMaKHH  b  % 

62  \ 

81 

85 

94 

96 

98 

't^riaOTHOCTb  B 

2,700 

2,702 

2,702 

2, 702 

2,700 

2,700 

^'SjieKTpOConpOTHBJieUHG  B  OM'MM^IM 

0,040 

0,039 

0,039 

0,038 

0,039 

— 

a  -  Decree  of  deformation  In  jC;  b  -  Density  in 
g/cn)3;  c  -  Electrical  resistance  In  ohin»mm2/n! 


Fig  2.  Macrostructure  of  rods,  pressed  with  different 
degrees  of  defcmation. 

a  -  6Gi;  b  -  8C^;  c  -  Oh%i  d  -  96$?;  e  -  98$? 


INFLUENCE  OF  SPEED  OP  PRESSIM} 

On  the  surface  of  pressed  half-finished  products  there 
sonetlmeB  are  noted  defects  In  the  form  of  swellings  and 
transverse  cracks.  It  was  assumed  that  one  of  causes  of  the 
appearance  of  these  defects  is  connected  with  Incorrect 
selection  of  speeds  of  nresslng.  Influence  of  different 
speeds  of  pressing  (from  0.78  to  16,3  m/mln)  on  the  con¬ 
dition  of  the  surface  of  rods  of  diameter  50  mm  was  studied 
durlnv  manufacture  of  the  latter  from  powder  of  APS-1  brand 
containing  1.7%  AlgOj  under  conditions:  specific  pressure 
7S  kg/mm^,  temperature  of  pressing  450-500C. 
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It  was  established  that  at  speed  of  pressing?  of  0.78 
m/mln  on  the  surface  of  the  rods  there  appeared  transverse 
cracks  and  burrs,  with  speeds  from  8  to  16  m/mln  defects 
on  the  surface  were  absent. 

In  Inspection  of  the  niac3?o-  and  mlcrostructure  of 
rods  pressed  with  different  speeds  no  changes  were  revealed. 

The  mechanical  properties  of  the  rods  are  presented 
In  Table  3» 

Twe  unsatisfactory  quality  of  the  surface  of  rods  at 
low  speeds  of  pressing  apparently  is  connected  with  weld¬ 
ing  of  the  metal  to  the  wails  of  the  container  and  die  which 
led  to  the  appearance  on  the  surface  of  burrs  and  "cracks”. 
Consequently,  speed  of  pressing  affects  the  quality  of  sur¬ 
face  of  half-finished  products  and  does  not  affect  their 
mechanical  properties  (see  Table  3). 


Table  3 

Mechanical  properties  of  rods  of  diameter  50  mm 
pressed  with  different  speeds 


CKOpOCTi*  , 

npeccoB2<  ‘ 

MKSI 

^  mImuu 

AlpaSOO* 

1 

% 

8 

% 

0.78 

35,5 

6,4 

10.  l 

3.0 

1.06 

35,8 

6.8 

10,7 

2.6 

1.29 

W,7 

5.7 

10,4 

2.8 

1.90 

36,2 

6.9 

10,8 

3.0 

2,97 

35.0 

5.0 

9.9 

2.8 

16.80 

35,6 

7.4 

n.8 

2.7 

a  -  Speed  of  pressing  m/mln;  b  -  At 


Fiff  3.  Micro structure  of  rods  pressed  with  different 
dearees  of  deformation. 

a  -  62%;  b  -  815^;  c  -  9H;  d  -  96%;  e  -  96% 
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INFLUENCE  OF  TBMPERATURE  OP  HEfcTINO  OF  STOCK  BEFORE 
PRESSTNO  ON  MECHANICAL  PROPERTIES  OF  PRESSED 
HALF-FINISHED  PRODUCTS 

For  carrying  out  of  this  part  of  the  study,  the  pow¬ 
der  containing  7*6%  AI2O3  was  heated  to  450C  In  electric 
resistance  furnaces  without  protective  atmosphere,  then 
briquetted  at  a  temrerature  of  400-500C  and  a  specific  pres¬ 
sure  of  75  kg/minS,  After  machining  the  briquettes  were 
heated  to  450,  500  and  550C  and  pressed  Into  rods  on  a  1500  T 
press.  The  rods  passed  mechanical  tests  at  20  and  500C 
results  of  which  are  shown  In  Fig  4. 


Fig  4.  Influence  of  temperature  of  heating  of  stock 
on  ultimate  strength  and  elongation  of  rods. 

a  -  Ultimate  strength  In  kg/mm2;  b  _  Temperature 
of  pressing  In  C;  c  -  Elongation  In 


From  the  given  data  It  Is  clear  that  the  ultimate 
strength  with  Increase  of  temperature  of  heating  of  stock 
from  450  to  500c  was  hardly  changed,  but  with  a  transition 
from  500  to  550c  there  was  observed  a  drop  of  strength. 

Elongation  with  Increase  of  temperature  of  heating 
of  stock  from  450  to  500C  remained  without  change,  while 
during  transition  to  550C  It  Increased  by  Ijf.  Analogous 
pattern  was  also  observed  at  temperatures  of  test  of  500C. 

The  nature  of  the  change  of  mechanical  properties 
at  temperatures  of  pressing  higher  than  500C,  probably.  Is 
connected  with  partial  reerystalllzatlon. 
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Conclusions 


1.  Increase  (durlnp;  pressing  of  rods)  of  degree  of 
defomatlon  to  85%  Increases  the  ultimate  strength  and  elon¬ 
gation;  at  degrees  of  deformation  over  85%  the  strength  Is 
not  changed. 

2.  Speed  of  pressing  does  not  affect  mechanical 
properties  of  pressed  half-finished  products,  but  does  In¬ 
fluence  the  quality  of  their  surface.  Low  speeds  of  press¬ 
ing  cause  appearance  on  the  surface  of  half-finished  products  of 

scratches,  burrs,  and  cracks.  With  Increase  of  speeds  of 
pressing  to  8  m/mln  and  above,  the  half-finished  products 
had  high-quality  surfaces. 

3.  With  Increase  of  temperature  of  heating  of  stock 
from  450  to  500c  mechanical  properties  of  half-finished 
products  are  not  changed.  Increase  of  temperatures  of  heat¬ 
ing  of  stock  over  500C  Insignificantly  lowers  ultimate  strength 
and  Increases  elongation. 

4.  For  the  purpose  of  achievement  of  the  best  combin¬ 
ation  of  ultimate  strength  and  elongation,  and  also  for  ob¬ 
taining  from  powder  of  brand  APS-1  pressed  half-finished 
products  with  high-quality  surfaces  It  Is  necessary: 

a)  to  ensure  that  degree  of  defoirratlon  is  not 

below  85^; 

b)  pressing  be  conducted  with  a  speed  not  below 

6  m/roln; 

c)  to  heat  stock  to  450-500C; 

d)  to  carry  out  before  briquetting  heating  of  the 

aluminum  powder  In  the  range  of  temperatures 
50O-55OC  with  holding  at  this  temperature  not 
less  than  2-3  hours. 
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p/ppcVEy^ENT  OF  TECHNOLOGY  OF  PRODUCTION  Ot  STOCK 
FROM  SAP  (p  64  of  source) 

E.A.  Kuznetsova,  k.A.  Gelman 


Up  to  now  the  technology  of  manufacture  of  pressed 
half-finlFhed  products  from  SAP  included  the  following  basic 
operations:  briquetting  of  powder  in  cold  state,  compact¬ 
ing  or  sintering  under  pressure  at  a  temperature  450-500C, 
and  pressing?  of  the  half-finished  products. 

The  operation  of  compacting  is  conducted  for  the  pur¬ 
pose  of  packinsr  of  the  material  which  occurs  as  a  result 
of  increase  of  plasticity  at  temperatures  of  450-500C.  It 
was  assumed  also  that  partial  sintering  takes  place  here# 

Investigations  conducted  recently  introduced  several 
chancres  in  technolocry.  In  particular,  cold  briquetting  in 
a  number  of  cases  was  replaced  by  briquetting  of  powder 
heated  to  450-500C.  Density  of  briquettes  obtained  thusly 
is  slcmiflcantiy  higher  than  the  density  of  cold-pressed 
briquettes.  In  connection  with  this  the  role  of  the  opera¬ 
tion  of  co’^paction  was  changed.  In  order  to  ensure  additional 
packing  of  the  material,  the  compacting  must  be  performed  at 
higher  temperature  than  briquetting*  Compaction  of  a  suf¬ 
ficiently  dense  briquette  (density  2, 6-2.7  g/ciD3)  at  a  tem¬ 
perature  not  exceeding  the  temperature  of  briquetting,  evokes 
the  appearance  of  internal  cracks  which  degrade  the  mechanical 
properties  of  half-finished  products, 

Cn  the  other  hand,  briquettes  obtained  at  a  tempera¬ 
ture  of  45O-5OOC  are  quite  dense  and  consequently  the  ap¬ 
plication  of  compaction  is  not  advisable,  its  elimination 
significantly  slmplfies  the  technoloc'lcal  process,  reduces 
the  work  of  the  press  equipment  and  Increases  the  yield  of 
sound  product  which  naturally  leads  to  lowering  of  the  ma¬ 
terial  cost. 

In  correction  with  this,  work  was  conducted  in  two 
directions: 

—  we  investigated  the  Influence  of  temperature  of 
compaction  on  structure  and  properties  of  billets  and  pressed 
half- finished  products; 

—  we  studied  the  possibility  of  shortening  the  tech¬ 
nological  cycle  by  eliminating  compaction# 
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INVESTIGATION  OF  INFLUENCE  OF  TEMPERATURE  OF  COMPACTION 
ON  STRUCTURE  AND  PROPERTIES  OF  BILLETS  AND 
PRESSED  KALF-FINISHED 
.  PRODUCTS  FROM  SAP 

The  investigations  were  conducted  on  powder  of  brand 
APS-1  containing  7*^^  AI2O3. 

The  powder,  poured  into  tubes  of  sheet  aluminum,  was 
heated  In  electrical  furnaces  at  a  tempers ture  of  450  and 
5OOC  for  2-3  hours  and  then  briquetted  in  a  container  of 
diameter  130  mm.  Holding  under  pressure  constituted  2 
minutes.  The  resulting  briquettes  were  turned  down  and  then 
held  at  a  temperature  of  450,  500  and  550C  for  2-3  hours, 
then  compacted  in  a  container  of  diameter  130  mm  with  a 
two-minute  hold  under  a  pressure  of  40-50  kg/mm^*  From  the 
briquettes  and  compacts  there  were  prepared  macrographs. 

From  certain  of  the  compacts  we  extruded  rods  of  diameter 
50  mm. 
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Fig  1.  Macrostructure  of  compact 
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Fig  2.  Macro structure  of  briquette 


Study  of  the  macrostructure  of  the  compacts  showed 
that  temperature  of  compaction  does  not  Influence  the  struc¬ 
ture.  Cracks,  which,  it  was  assumed,  could  be  formed  as  a 
result  of  compaction  at  temperatures  not  exceeding  the  tem- 
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perature  of  brlquettlnii  were  not  found.  On  Pig  1  Is  shown 
the  Tacrostructure  of  compacts  which  were  compacted  at  a 
temperature  of  450 C  (temperature  of  preliminsur’y 

briquetting  500C).  There  was  also  not  seen  any  significant 
difference  in  macrostructure  of  briquette  before  compaction 
(Fig  2)  and  after  compaction  (see  Pig  1). 

Interestlnu  results  were  obtained  during  measurement 
of  hardness  and  electrical  conductivity,  whose  values  should 
be  directly  dependent  on  the  quantity  of  metallic  contacts, 
l.e.  on  density  and  degree  of  sintering  of  material.  Sinter¬ 
ing  of  material,  apoarently,  should  occur  in  a  greater  de¬ 
gree  the  hlffher  the  temperature  of  briquetting.  Actually, 
with  Increase  of  temperature  of  heating  of  powder  before 
briquetting  the  electrical  resistance  of  the  briquettes  de¬ 
creases.  Thus,  the  briquette,  pressed  at  450C.  has  a 
specific  electrical  resistance  of  0.047  ohm»mm2/in,  and  at 
500C  it  is  0.040  ohm«mm2/m,  which  testifies  to  stronger 
destruction  of  oxide  films  at  the  heightened  temperatures. 
However  the  hardness  decreases.  Apparently,  at  high  tem¬ 
peratures  processes  connected  with  the  relief  of  internal 
stresses  take  place  in  the  material. 

Compaction  of  briquettes  prepared  from  powder  heated 
to  450c  decreases  their  electrical  resistance  from  0.044 
to  0.039  0iTin«mm2/ni.  The  hardness  here  is  hardly  changed. 
Temperature  of  compaction  does  not  affect  the  hardness  and 
electrical  resistance  of  the  compacts  (Table  1).  Tempera¬ 
ture  of  compaction  also  does  not  Influence  the  mechanical 
properties  of  pressed  rods  (Table  2), 

Table  1 

Influence  of  temperature  of  compaction  on  hardness 
and  specific  electrical  resistance  of  compacts 


TeMneparypa 

6pKKeTHpoBa- 

HHH 

0.  •€ 

TeMneparypa 

nOAlipCCCOBKH 

HB 

KrjMM^ 

yACJibiioe 

aaeKTpoconpoYHB- 

jieHHe 

450 

20 

92 

o.ou 

450 

90 

0,039 

• 

500 

90 

0,039 

550 

90 

0,039 

500 

20 

82 

0,040 

450 

86 

0,039 

500 

86 

550 

80 

0,038 

a  -  Temperature  of  briquetting  C;  b  -  Temperature  of  com¬ 
paction  C;  c  -  Specific  electrical  resistance  ohm«nim2/ni 
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Table  2 


Influence  of  terr-perature  of  compaction  on  mechanical 
properties  of  pressed  rods  of  diameter  50  mo 


I  MexaHHNecKHe  cboi  crsa 

TcMneparypa 

(SpHKeTiipoBa- 

HHil 

a,  ‘c 

TeMneparypa 

TeMneparypa 

20* 

1  soo* 

noAnpcccoBKH 

npecconaHKH 

•c 

u  . 

a 

•• 

8 

KrjMM^ 

% 

icriMM^ 

% 

450 

450 

470 

33.4 

8.9 

ll.O 

2.0 

450 

500 

470 

32.7 

10.2 

10.7  • 

3.0 

450 

550 

470 

32,7 

9.6 

10.3 

4.0 

500 

450 

470 

31.0 

12.2 

10.8 

3.2 

500 

500 

470 

32.5 

10.6 

10.0 

1.8 

500 

550 

470 

30.0 

11.6 

10.5 

1.4 

a  -  Temn^ rature  of  briquetting  C;  b  -  Temperature  of 
compaction C;  c  -  Temperature  of  pressing  C;  d  - 
Mechanical  properties 

Thus,  on  the  basis  of  the  first  stage  of  Investiga¬ 
tions  It  Is  established  that  a  change  of  temperature  of 
compaction  In  the  Interval  450-5500  does  not  Influence  the 
structure  and  properties  of  compacts  and  pressed  half- 
finished  products. 


PRESSING  OF  HALF-FINISHED  PRODUCTS  BY  NE\if  TECHNOLOGY 

Prerequlsltles  for  study  of  the  possibility  of  shorten¬ 
ing  the  technolofflcal  cycle  by  eliminating  compaction  were, 
first,  the  assumption  that  sintering  of  material  basically 
occurs  In  the  die  orifice  In  the  process  of  pressing  of 
half-finished  products,  secondly,  results  of  preliminary 
Investigations  showing  that  compaction  does  not  have  any 
essential  influence  on  structure  and  prooertlea  of  compacts 
(In  case  of  briquetting  of  heated  powder). 

There  were  tested  two  variants  of  the  technology J 
pressing  without  compaction  and  pressing  combined  with  com¬ 
paction.  For  comparison  we  conducted  pressing  using  the 
earlier  technology. 

During  pressing  without  compaction  (first  variant) 
the  turned  briquettes  were  heated  to  a  temperature  of 
450-550C  and  from  them  we  pressed  half-finished  products. 
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In  the  second  variant  the  turned  briquettes  were  heated  to 
a  temperature  of  450-550C,  placed  In  a  container  between 
two  press-washers,  held  under  a  preseure  of  65-70  kg/mmS, 
then  the  press-washer  was  knocked  out  and  the  extrusion 
was  performed.  Thus,  during  pressing  by  the  first  variant 
compaction  was  completely  excluded,  and  the  usa  of  Inter¬ 
mediate  press-washer  provided  for  a  combination  of  the  two 
operations.  For  the  Investigation  we  used  aluminum  powder 
of  brand  APS  with  different  content  of  AI2O3.  Chemical 
comoosltlon  and  basic  characteristics  of  the  powder  are 
presented  In  Table  3« 


Table  3 

Basic  characteristics  and  chemical  composition  of  powder 


OU  XMMliqeCKHfi  COCTaB  B  % 

HacunuoK 

(L  BCC 

iiCM^ 

AI303 

Fe 

U2O 

^}KHpu 

1 

7.4 

0.12 

0.063 

0.13 

1.48 

e.9 

0.09 

0.013 

0.22 

1.25 

13,3 

0.09 

— 

0,29 

1.17 

0.10 

— 

0.29 

1.10 

3.4 

0.10 

0.0G6 

0.21 

1.19 

6.8 

0.09 

0.06 

0,09 

1.32 

a  -  Chemical  composition  In  b  -  Oils; 
c  -  Bulk  welftht  In  g/cm3. 

Briquetting,  compacting  and  pressing  were  performed 
on  horizontal  presses  In  containers  of  diameter  130  and 
306  mm.  The  resulting  half-finished  products  passed  me¬ 
chanical  tests  at  room  temperature  and  at  500C.  On  Pig  3 
Is  presented  the  dependency  of  ultimate  strength  and  elon¬ 
gation  on  content  of  AI2O3  In  rods  of  diameter  50  mm, 
pressed  by  the  different  technological  variants.  In  Table  4 
are  given  the  mechanical  properties  of  rods  of  diameter 
120  mm  at  20  and  500C. 


Pig  3.  Dependency  of  ultimate  strength  and  elongation 
of  rods  of  diameter  50  mm,  pressed  by  the  different  techno¬ 
logical  variants,  with  content  in  them  of  aluminum  oxide. 

O  —  pressing  without  plug,  X  —  usual  technology,  A  —  pres¬ 
sing  with  plug,  a  -  Elongation  in  jf;  b  -  Ultimate  strength 
in  >rg/mm2;  c  -  Content  of  AI2O3 

As  can  be  seen  from  Fig  3,  with  an  Increase  of  con¬ 
tent  of  AI2O3  in  all  cases  the  ultimate  strength  Increases 
and  elongation  decreases,  here  the'  change  of  technology 
(full  elimination  of  compaction)  did  not  affect  the  mechan¬ 
ical  properties  of  pressed  half-finished  products.  Combin¬ 
ation  of  hot  compaction  with  pressing  (second  variant)  led 
to  unexpected  Increase  of  ultimate  strength  with  constant 
elongation  in  the  case  of  a  content  in  the  powder  of  more 
than  8^  AI2O3. 


Table  4 


Mechanical  properties  of  rods  of  diameter  120  mm, 
pressed  by  different  methods  (content  of  AI2O3  7%) 


• 

20* 

•I 

500* 

TexHOJiorHii 

c. 

nonepetiHue 

1  npoAOAbiiue 

noncpcMHue 

u 

icPImm^ 

B 

kF^mm^ 

1 

% 

«• 

KPfMM'i 

e 

1 

% 

(£06uqH2'fi 

31.6 

8.6 

29.0 

3.0 

9.0 

1.8 

7.3 

2.0 

CTi'peccoBaHKc  c  noA- 
npeccoBKoii 

33.3 

6.0 

29.0 

2.3 

9,3 

1.6 

7.2 

0.4 

f  npeccoBaHiic  Oca 
noAnpeccoBKii 

33.6 

8.2 

i 

29.5 

3.7 

9.5 

1.5 

6.9 

0.6 
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a  -  Technology;  b  -  longitudinal;  c  -  transverse; 
d  -  Usual;  e  -  Pressing  with  compaction;  f  -  Press¬ 
ing  without  compaction 

Apparently,  an  essential  influence  on  the  mechanical 
properties  is  shown,  on  the  one  hand,  by  the  total  time  of 
sintering  under  pressure,  on  the  other  hand  by  the  quantity 
of  cycles  of  heatings  and  coolings  In  the  process  of  the 
production  of  pressed  half-finished  products. 


(rOttcpKonue  Kijti-V‘% 
f  _  tSirmu  aiiiHmi$Nea<uu 
petxttn 

npeccotmut  la  iminpee- 
“  toSnu  . 

liptKoHamie  c  vutifimM 


Fig  4.  Change  of  electrical  resistance  In  process 
of  manufacture  of  pressed  half-finished  products, 
a  -  Electrical  resistance  In  ohm»mm2/ia;  b  -  Content  of  AI2O5 

7»45f;  c  -  usual  technological  conditions;  d  -  pressing  vfith- 
out  compaction;  e  -  pressing  with  plug;  f  -  briquette; 
g  -  compact;  h  -  Rod. 


Increase  of  duration  of  sintering  led  to  Improvement 
of  interparticle  contacts,  l.e.  to  Increase  of  strength  of 
the  articles.  Increase  of  quantity  of  cycles  of  heatings 
and  coolings  may  cause  additional  stresses  due  to  differences 
of  coefficients  of  linear  expansion  of  AI2O3,  as  a  result 
of  which  there  may  be  possible  formation  of  micro-cracks 
and  lowering  of  ultimate  strength.  During  pressing  without 
compaction  there  decreased  both  the  total  time  of  sintering 
under  pressure  and  also  the  quantity  of  cycles  of  heatings 
and  coolings  (as  compared  to  usual  technological  conditions). 
In  this  case  ultimate  strength  was  practically  not  changed. 
With  use  of  Intermediate  press-washers  (second  technological 
variant)  the  total  time  of  sintering  under  pressure  was  not 
changed  as  compared  to  the  usual  technology,  but  there  was 
a  reduction  of  the  quantity  of  cycles  of  heatings  and  cool¬ 
ings  that,  apparently,  led  to  an  Increase  of  ultimate  strength. 
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This  Increase  is  the  more  noticeable  the  higher  the  content 
of  AI2O2  In  the  powder. 

in  the  investigation  of  micro-  and  macrostmcture  of 
rods  pressed  by  different  methods  no  essential  difference 
In  structure  was  found. 

Density  of  the  resulting  half-finished  products  does 
not  depend  on  the  method  of  pressing  (Table  5)» 

Measurement  of  electrical  conductivity  of  briquette 
and  compact  by  the  method  of  eddy  currents  showed  that  hot 
compaction  somewhat  Increases  the  electrical  conductivity 
of  the  material  (Fig  4),  while  the  electrical  resistance  of 
the  rods  was  Independent  of  the  technological  variant  used 
(Fig  4),  All  this  confirms  the  assumption  that  the  basic 
sintering  of  the  material  occurs  during  pressing  In  the  die 
orifice. 


Table  5 

Density  of  rods  pressed  by  different  methods 


f  , 

i  r? 

0 

'^n.noTKOCTb  i> 

KKC 

AI2O3 
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^o6Li‘Jnan 
TexKOJiorKn  | 

^pCCCOBClIllC 
6e3  noA^pcc- 
COBKd 

^ipeccoBaHM.e 
c  I'OAHpec- 

CObKOfi 

7.4 

2.702 

2.705 

2,709 

8.9 

2.7CI 

2.707 

2,706 

13.3 

2,699 

2,698 

2,703 

14.4 

‘  2,709 

2,706 

2,701 

a  -  Content  of  Al205;^;  b  -  Density  In  g/cm3; 
c  -  usual  technology;  d  -  pressing  without 
cc^pactlon;  e  -  pressing  with  compaction. 

Conclusions 

In  the  case  of  briquetting  of  heated  powder  the  stock 
for  pressing  can  be  a  briquette. 

Additional  compaction  of  the  hot-pressed  briquette 
over  the  Interval  of  temperatures  450-550C  does  not  have  any 
essential  Influence  on  the  structure  and  properties  of  half- 
finished  products. 
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INVESTIGATION  OF  CERTAIN  CONDITIONS  OF  HOT  ROLLING  SAP 

(p  71  of  source) 

V.A.  Shelarrov 

Work  done  under  Honored  Worker  of  Science  and 
Technology,  Professor  Doctor  of  Tech.  Sciences 
I.L.  Perlln  and  Engineer  S.I.  Noirofllov. 


In  the  present  work  we  conducted  an  Investigation  of 
certain  parameters  of  the  process  of  hot  rolling  of  pressed 
compacts  from  SAP. 

For  rolling  we  used  strip  SAP  of  the  brand  APS-1  ob¬ 
tained  by  method  of  cold  briquetting  with  compaction  and 
pressing.  (Hfgh-temP  Material  From  Slnt.pred  AlnminiiTn  Powder 
(SAP) .  Oboronglz,  1961,  p  50)  Content  of  AI2O3  In  Initial 
stock  constituted  6-8^. 

For  determination  of  the  Influenc*'  of  temperature  of 
hot  roll'ng  on  specific  pressure  and  broadening,  from  pressed 
strip  SAP  of  section  25  x  90  (coefficient  of  drawing  8)  we 
cut  longitudinal  wedge-shaped  samples  with  smaller  height 
2  mm,  larger  height  20  mm,  width  30  mm,  and  length  90  mm. 

For  the  purpose  of  Increasing  the  plasticity  of  the 
stock  to  show  the  necessity  of  preliminary  heating  before 
rolling,  part  of  the  wedge-shaped  samples  was  subjected  to 
preliminary  heating  at  temperatures  of  450,  500  and  550C 
for  6,  12  and  48  hours.  Heating  was  performed  In  a  lab¬ 
oratory  electric  resistance  furnace  with  Nlchrome  heaters. 
Temperature  of  heating  was  controlled  by  a  switching  poten¬ 
tiometer  using  two  control  thermocouples.  The  Installation 
ensured  accuracy  of  adjustment  of  temperature  within  limits 
of  ±  IOC. 

Rolling  of  samples  was  done  at  temperatures  of  20, 

300,  400,  450,  500  and  550C  on  a  duo  mill  with  rollers  of 
diameter  350  mm,  length  of  barrel  500  mm,  speed  18  m/mlnute. 
Rollers  are  prepared  of  steel  ShKhl5  (hardness  Rockwell  55), 
surface  la  ground. 

Total  pressure  of  metal  on  rollers  py  was  measured 
with  the  help  of  wire  transducers  with  resistance  of  120 
ohms  and  a  base  of  10  cm,  glued  on  the  neutral  line  of  the 
rolling  mill  frame.  Recording  of  pressures  was  carried  out 
on  the  eight-channel  magnetoelectric  oscillograph  MPO-2, 
Recordings  of  oscillograms  (Fig  l)  were  made  with  a  speed 
of  the  photographic  film  of  25  mm/sec. 
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Broadening  b  =  absolute  broadening  idB  and  In" 

dex  of  broadening  a  =  ^iB/th  were  detemlned,  proceeding 
from  the  law  of  constancy  of  volume,  from  the  magnitude  of 
reduction  *1  -  H/h  and  drawing^  =  L2/L, .  Use  of  the  wedge- 
shaped  samples  gave  the  possibility  of  carrying  out  rolling 
v/lth  reductions  from  1  to  905^  (wedge-shaped  sample  was  arbi¬ 
trarily  divided  Into  five  sections  by  reduction  along  the 
boundaries  18,  36,  54,  72,  90jf). 


Fig  1.  Model  oscillograms  taken  during  rolling  SAP 
with  different  temperatures.  For  comparison  there  are  shown 
oscillograms  taken  during  rolling  of  wedge-shaped  samples 
of  the  alloys  ADI  and  D16. 

a  -  Force  during  rolling;  b  -  Zero  line 


Broadening  during  rolling  Is  composed  of  the  follow¬ 
ing  oo’"ponent8:  broadening  due  to  slip  on  the  contact  sur¬ 

face,  broadening  due  to  barrel  formation,  and  broadening 
due  to  spread  of  lateral  faces  of  sample  on  contact  surface. 
(I.M.  Pavlov,  Basic  Positions  of  Contemporary  Theory  of  Roll¬ 
ing,  Transactions  of  the  Scl.  A  Eng.  Dlv.  of  Ferrous  Metal¬ 
lurgy.  Vol  10,  Ketallurglzdat,  1956) 

It  has  been  noticed  that  during  rolling  of  SAP  broad¬ 
ening  by  barrel  formation  Is  predominant.  In  this  respect 
SAP  can  be  compared  with  the  titanium  alloys. 

Calculation  of  broadening  A.  B  was  done  by  the  formula 
of  A.  I.  Tscllkov  (Collection  of  articles  under  editor  fa.S. 
Gallay,  Materials  Accordlyc  to  the  Theory  of  Rolling.  Chap¬ 
ter  1,  Metallurglzdat,  I960,  p  52^)  with  the  empirical  coef¬ 
ficient  C  deter-^lned  on  the  basis  of  actual  experiments; 
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H 


o> 


where Ah  — 
C  — 

R  — 
f  — 


absolute  reduction  in  mm; 

coefficient,  depending  bn  ratio  of  strip  width 
to  length  of  arc  of  grip; 
radius  of  rollers  in  mm; 

coefficient  of  friction;  in  this  case  we  took 
f  =  0.3; 


A.I.  Tselikbv  suggests  that  the  quantity  ^  (u)  be 
determined  from  the  graph  depending  upon  the  relative  reduc¬ 
tion  u  sA  h/H, 

Experiments  showed  that  in  rolling  SAP  it  is  possible 
to  take  the  coefficient  C  =  3.0. 

On  Fig  2  is  given  a  graph  of  similarity  of  magnitudes 
of  broadening  on  the  basis  of  experimental  data  and  data 
obtained  by  calculation  by  the  formula  (1)  with  coefficient 
C  =  3.0. 

Dependency  of  index  of  broadening  on  tempersture  of 
rolling  is  given  on  Fig  3. 

Curves  for  the  coefficient  of  friction  f*,  determined 
by  the  broadening  formula  of  5.1.  Gubkin  (see  references  on 
P  79)» 


are  given  on  Fig  4.  On  the  same  figure  there  is  shown  the 
dependency  of  the  specific  friction  forces  calculated  by  the 
formula  s  Pf'  on  temperature  of  rolling. 

For  comparison  of  the  magnitudes  of  pressures  during 
rolling  SAP  and  the  usual  aluminum  alloys  we  made  a  record¬ 
ing  of  oscillograma..  of  rolling  of  analogous  samples  from 
the  alloys  ADI  and  D16. 

The  specific  pressure  p  during  rolling,  equated  to 
the  resistance  to  deformation  of  the”materlal  in  the  gl\en 
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Fig  2.  Co»npar1soTi  of  maanltudeB  of  actual  broadening 
B  with  magnitudes  calculated  by  formula. 

- •  after  preliminary  heating  of  compacts^ 

actual; 

- 0  without  heating  of  compact8^,4 B  actual; 

- 0 -  calculated 
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conditions,  vas  deterrlned  by  the  fomula 


A*/?' 


Graphs  of  the  dependency  of  the  specific  pressure 
on  temperature  of  rolllnpts  are  shovm  on  Fig  5»  and  on  rela¬ 
tive  reduction  at  the  selected  temperatures  of  rolling  — 
on  Fig  6, 


Fig  3.  Dependency  of  index  of  broadening  a  on  tem¬ 
perature  of  rolling. 

. —  "  after  heating  of  sample,  actual  measurement; 

-  without  heating  of  sample,  actual  measurement 

computed  curve 


ssraii 
E^Bii 


lUi 


Fig  4.  Curves  of  dependency  of  coefficient  of  friction 
f '  and  specific  friction  forces  Ts  on  temperature  of  rolling. 


- f'  after  heating  of  sa-nple; 

-  f*  without  heating  of  sample; 

_  _ _ _ _ Tj-  after  heating  of  samp'  ; 

—  0 - without  heating  of  sample. 
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Pig  6.  Dependency  of  specific  pressure  p  during 
rolling  on  relative  reduction. 


-  with  heating  SAP 

-  without  heating  SAP; 

— « - » -  ADI;  — . . -  D16 

a  -  reduction 

On  Fig  7  Is  given  the  dependency  of  the  coefficient 
of  friction  on  relative  reduction  (rolling  at  4500)  of  a 
heat  treated  sanple. 


r 


Fig  7.  Dependency  of  coefficient  of  friction  f' 
on  relative  reduction  (rolling  of  heat  treated  sample  at 
4500 ) . 


a  -  reduction 


Ooncluslons 

1.  During  comparison  of  magnitudes  of  ahrolute 
broadening determined  from  experiment  and  calculated  by 
the  formula^  noticeable  difference  Is  not  revealed.  The 
same  may  be  said  of  the  values  of  broadening  during  rolling 
of  a  sample  after  preliminary  heating  and  without  heating. 

A  small  decrease  of  the  value  ^  B  Is  observed  with  Increase 
of  temperature  of  rolling. 

Actual  and  calculating  magnitudes  of  Index  of  broad¬ 
ening  are  practically  Identical. 

2.  Coefficient  of  friction  f'  during  rolling  SAP 
ha'*  a  tendency  to  a  sharp  decrease  with  Increase  of  tem¬ 
perature  of  rolling. 

Analogously  are  changed  specific  frictional  forces  1$* 
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3.  Durinp  rollln?  SAP,  with  Increase  of  reduction  to 
50^  the  specific  pressure  p  Is  Increased;  with  further  In¬ 
crease  of  total  reduction  (to  90%)  It  drops, 

4.  Coefficient  of  friction  f'  Increases  with  Increase 
of  total  reduction. 

5.  The  marked  chanste  of  magmltudes  of  specific  pres¬ 
sure  and  of  coefficient  of  friction  can  be  explained  by  the 
slrnlflcant  thermal  effect  appearing  during  deformation  of  SAP 

6.  V’lth  Increase  of  temperature  of  rolling  the 
specific  pressure  p  decreases, 

7.  Power  parameters  of  rt>lllng  SAP  significantly 
differ  from  the  parameters  of  rolling  of  the  usual  aluminum 
alloys. 

Differences  of  power  parameters  In  rolling  prelim¬ 
inarily  heated  and  nonheated  samples  of  SAP  are  not  noticed. 
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PROPERTIES  AND  STRUCTURE  OF  WIFj;  PROM  SAP 
(p  76  of  source) 

P.V.  Klshnev,  B,I.  Matveev,  N.A.  Martynova, 

S.L.  Nomofllov,  E.Ya.  Bazurlna,  V.A.  Shelamov 

(E.A.  Kuznetsova,  V,V.  Martynov,  M.V.  Kiryushina, 
L.S.  Perevyazkln  participated  In  this  study) 


For  Joining  of  stiructures  of  the  hlgh-temp  materials 
(SAP),  for  instance  sheets  with  profiles.  It  Is  necessary 
to  have  rivets  also  made  from  the  hlgh-temp  material.  With 
this  goal  we  proposed  to  develop  the  technology  of  manufac¬ 
ture  of  wire  from  SAP,  to  Investigate  Its  mechanical  proper¬ 
ties  and  structure,  and  then  to  prepare  a  lot  of  rivets  and 
to  test  them  In  the  riveting  of  a  connecting  seam. 

Prom  aluminum  powder  of  brand  PP-4  (chemical  compo¬ 
sition:  4-5^  AI2O3,  0.065?  Fe,  0.265?  ol]*^  0.0165?  moisture, 
remainder  aluminvuDj  we  prepared  an  experimental  lot  of 
wire  of  diameter  3,4,5  mm. 

Briquetting  of  aluminum  powder  was  done  In  the  cold 
state  on  a  750T  horizontal  hydraulic  press  In  a  cold  con¬ 
tainer.  The  obtained  briquettes  were  subjected  to  compac¬ 
tion  and  sintering  on  the  same  press  at  a  specific  pressure 
of  90-95  Kg/mm2, 

After  machining  the  compacted  briquettes  (billets) 
had  a  diameter  of  85-90  mm,  height  140-170  mm,  weight  2.6-3 
Kg  and  density  2. 6-2.7 

Before  pressing  of  wire  the  billets  were  heated  In 
electric  resistance  furnaces  with  revolving  hearth  and  with 
circulation  of  hot  air  Inside  the  worKlng  space. 

Pressing  of  the  wire  stock  was  done  on  750  T  horizon¬ 
tal  hydraulic  press.  Diameter  of  container  was  95  mm, 
diameter  of  wire  stock  6  mm,  length  3. 5-4. 2  m. 

Conditions  of  pressing  of  wire  were  the  following: 


Temperature  of  container  .  400-430C 

Temperature  of  stock  .  450-480C 

Time  of  pressing  .  20  sec 

Speed  of  pressing .  12  m/mln 

Specific  pressure  during 

pressing  91.5  kg/mm^ 

Coefficient  of  drawing  .  21 
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During  pressing  lubricant  was  not  applied.  Tespera* 
ture  of  press  tool  was  the  usual  for  hot  pressing  (250-300C). 
Pressing  of  wire  was  done  through  sieve  die  with  12  holes 
of  diameter  6  mm  each.  Surface  of  pressed  wire  obtained  was 
smooth. 

On  Fig  1  Is  shown  pressed  wire  stock  weighing  more 
than  100  kg  was  subjected  to  drawing  In  cold  state  on  a  single 
drawing  mill  of  brand  VSP-l/550  having  a  maximum  force  of 
2000  kit,  speed  of  dravflng  60-100  m/mln,  and  powder  of  elec¬ 
tric  motor  AO  kilowatt.  By  further  drawing  calibrated  wire 
of  diameters  3,  A  and  5  mm  was  obtained  using  the  following 
scheme. 


Transitions  from  6.0  to  3.0  mms 

6,0  5, 5,«>  5,20  5,0 

4.7  4,3  4,15  4,0 

3.8  3,G  -  3,4  3,2  3,0 


The  degree  of  deformation  during  drawln?  constituted 

75%. 

Drawing  of  wire  from  dlsimster  6  mm  to  diameters  3, 

A  and  5  mm  was  done  without  Intermediate  annealings.  During 
drawing  we  applied  the  same  lubricant  NK-50  as  Is  used  In 
drawing  of  wire  from  aluminum  or  aluminum  alloys. 

On  Fig  2  Is  shown  calibrated  wire  of  diameter  3  and 
5  mm.  Surface  of  wire  Is  smooth  and  brilliant  without  burrs, 
form  of  section  Is  regular  without  elllptlclty. 

Mechanical  properties  of  calibrated  wire  were  deter¬ 
mined  at  normal  and  heightened  temperatures.  On  Fig  3  la 
given  the  graph  of  change  of  ultimate  strength  and  elonga¬ 
tion  depending  upon  temperature  of  test. 

As  the  curves  show,  at  room  temperature  the  ultimate 
strength  of  wire  of  dimeters  3,  A  and  5  mm  constitutes 
from  26  to  29-30  kg/mm^,  and  elongation  Is  from  5.5  to  8-9/f. 

It  Is  characteristic  that  the  smaller  the  diameter 
of  the  wire,  the  higher  Its  strength.  Thus,  for  Instance, 
wire  of  diameter  5  mm  has  at  20C  ultimate  strength  of  26 
kg/mm2,  and  wire  of  diameter  3  mm  has  28-30  kg/imn2.  This 
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probably  Is  possible  to  explain  by  cold  hardening  In  the 
process  of  deformation  of  wire  during  drawing.  Pressed 
wire  stock  of  diameter  fi  nrni  at  20C  had  an  ultimate  strength 
of  23  kg/nini2  and  elongation  21.65^,  at  5000  the  corresponding 
values  were  6.8  kg/mmS  and  6.2/f. 

HPnnniiil^^B 

Fig  2".  Surface  of  calibrated  wire  of  diameter  3  bd 
(a),  4  mm  (b),  5  bb  (c)  after  drawing. 

With  Increase  of  temperature  of  test  the  strength 
of  wire  of  diameter  3,4  and  5  Bm  dropped  and  at  5000  con¬ 
stituted  4.5-’’  kg/mm^.  The  ultimate  strength  of  wire  of 
diameter  3  mm  with  Increase  of  temperature  to  2500  fell 
more  Intensely  than  wire  of  diameter  4  and  5  bid,  while  in  the 
Interval  cf  temperatures  250-5000  the  ultimate  strength  of 
wire  of  all  diameters  was  approximately  Identical, 

Elongation  Increased  with  Increase  of  temperatures 
of  test  and  at  2500  attained  12-17^.  In  the  Interval  of 
temperatures  250-3500  the  elongation  had  a  maximum  value, 
which  then  dropped,  attaining  at  5000  6.5-105{, 


^/^Mn^Kurtypa  ucPbimoHun  8  *C 


Fig  3.  Change  of  strength  and  elongation  depending 
upon  temperature  of  test, 

a  -  Elongation  In  5^;  b  -  Strength  In  kg/mm^;  c  - 
wire;  d  -  temperature  of  test  In  0. 
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Of  large  practical  value  la  the  Influence  of  anneal¬ 
ing  on  mechanical  properties  of  calibrated  wire.  In  connec¬ 
tion  with  this  we  conducted  an  Investigation  of  the  Influence 
of  temperature  of  annealing  (250,  350,  450  and  500C)  on  ul¬ 
timate  strength,  elongation  and  shearing  coefficient  of  wire. 
Annealing  of  wire  was  done  In  the  usual  chamber  furnace 
without  protective  atmosphere  according  to  the  following  con¬ 
ditions:  heating  to  temperatures  250,  350,  450  and  500C, 
holding  at  these  temperatures  for  3  hours  and  cooling  In  air. 
With  increase  of  temperature  of  annealing  the  ultimate 
strength  decreased,  elongation  Increased,  and  shearing  co¬ 
efficient  was  almost  not  changed  (Fig  4), 

For  wire  of  all  diameter,  from  the  Initial  state 
(20C)  to  temperature  of  annealing  350C  the  decrease  of  ul¬ 
timate  strength  and  Increase  of  elongation  occurs  more  reg¬ 
ularly  and  smoothly  than  In  the  Interval  of  temperatures  from 
350  to  500C,  where  there  la  observed  an  Intense  drop  of  ul¬ 
timate  strength  and  Increase  of  elongation. 


Fig  4.  Change  of  strength,  elongation  and  shearing 
coefficient  depending  upon  temperature  of  annealing. 
Designations  the  same  as  on  Fig  3. 

a  -  Eloncatlon  In  b  -  Coefficient  of  shear 
In  >rg/mm2;  c  -  Strength  In  hg/’mmS;  d  -  Tempera¬ 
ture  of  annealing  In  C. 
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From  the  given  data  it  follows  that  annealing  de¬ 
creases  ultimate  strength  and  Increases  elongation,  probably 
by  relief  of  cold  hardening  and  partial  recrystalllzatlon, 
which  occurs  more  Intensely  In  the  Interval  of  temperatures 
350-500C. 


WIKNDI 

mnEBU 


Pig  5.  Macrostructure  of  pressed  wire  stock  of 
diameter  6  mm  (a)  and  calibrated  i^lro  of  diameter  3  mo 
(b). 


On  Fig  5  Is  shown  the  macrostructure  of  a  longitudinal 
section  of  pressed  wire  stock  of  diameter  6  mm  and  calibrated 
wire  of  diameter  3  mm.  No  distinctions  In  macrostructure 
appear. 

On  Fig  6  and  7  Is  shown  the  microstructure  (long¬ 
itudinal  and  cross  sections)  of  pressed  wire  of  diameter 
6  mm,  and  calibrated  wire  of  diameter  3  and  5  om.  Pressed 
wire  of  diameter  6  mm  In  longitudinal  direction  has  a  banded 
8ti*ucture,  but  In  transverse  direction  banding  Is  absent, 
banding  appears  In  the  process  of  pressing  of  wire  when  the 
grains  of  SAP  deformed  durlnc  sintering,  consisting  of  very 
finely  crushed  thin  oxidized  aluminum  films,  are  extinided 
along  the  direction  of  pressing. 

Due  to  this  there  Is  seal  the  white  background  of 
aluminum  and  the  banded  black  background  of  aluminum  oxide. 

Calibrated  wire  of  diameter  3  mm  has  a  clear  banded 
structure  In  the  longitudinal  direction,  significantly 
sharper  than  for  wire  of  diameter  5  mm,  although  the  dif¬ 
ference  In  microstructures  of  cross  sections  of  these  wires 
Is  difficult  to  detect  (see  Fig  7,  a,  c). 

Wire  annealed  at  higher  temperatures  has  a  micro¬ 
structure  with  less  clearly  defined  banding  (Fig  8). 

An  Important  characteristic  of  wire  Intended  for 
manufacture  of  rivets  Is  Its  rlvetablllty.  From  pressed 
wire  of  diameter  6  mm  and  calibrated  wire  of  diameter  3» 

4  and  5  mm  we  prepared  samples  with  free  heights  l,2d, 

1.3d,  1.4d  and  1.5d.  Heading  of  samples,  or  riveting,  was 
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Fig  6.  Mlcrostructure  of  pressed  wire  stock  of 


diameter  6  mm,  X400. 

a  -  cross  section,  b  -  longitudinal  section 


done  on  a  press  to  obtain  a  flat  head  of  height  not  more 
than  half  of  the  diameter. 

On  Fig  9  Is  shovn  the  method  of  test  of  samples  of 
wire  In  press  for  rlvetablllty.  During  riveting  of  the 
free  part  of  rivets  from  pressed  wire  of  diameter  6  mm  there 
appeared  cracks  at  an  angle  of  45®  (Fig  10).  Samples  from 
calibrated  wire  of  dlamter  3$^  and  5  mm  did  not  have  defects. 

On  Fig  11  are  shown  samples  of  rivets  from  calibrated 
wire  of  diameter  3  and  5  mm  after  riveting  test.  During 
riveting  of  samples  of  rivets  from  calibrated  wire  with  free 
part  1.4  and  1.5d  there  sometimes  appeared  cracks.  In  a 
smaller  degree  this  pertains  to  wire  of  diameter  3  mm  and 
In  a  larger  degree  to  wire  of  diameter  5  mm. 

Annealing  of  calibrated  wire  of  diameter  3»4  and  5  mm 
at  a  temperature  of  500C  with  holding  for  3  hours  sig¬ 
nificantly  lowers  or  completely  excludes  the  appearance  of 
cracks  on  heads  of  rivets.  Consequently  the  thinner  the 
wire,  the  better  It  rivets.  Annealing  Improves  riveting 
of  calibrated  wire.  The  pressed  wire  turned  out  not  to  be 
useful  for  manufacture  of  rivets. 

On  Fig  12  are  shown  rivets  prepared  from  calibrated 
wire  of  diameter  3*4  and  5  mm  on  special  machines  In  factory 
conditions,  and  Fig  13  shows  the  macrostructure  along  a  cut 
of  a  seam  joining  a  profile  with  sheet  by  rivets  from  SAP. 

On  Fig  14  there  Is  shown  a  riveted  seam. 

Extruded  and  drawn  wire  from  aluminum  powder  of  brand 
APS-1,  containing  more  than  7%  AI2O3,  riveted  poorly,  there¬ 
fore  In  this  article  we  have  not  expounded  the  technology  of 
Its  manufacture,  mechanical  properties  or  structure. 
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Fig  7.  Micro structure  of  calibrated  wire  of  diameter 
3  and  5  nnit  X400. 

a  »  cross  section  of  wire  of  diameter  5  niin,  b  « 
longitudinal  section  of  wire  of  diameter  5  no, 

0  -  cross  section  of  wire  of  diameter  3  mm, 
d  -  longitudinal  section  of  wire  of  diameter 

3  nm. 


a  -  longitudinal  section  of  wire  of  diameter  5  oot 
b  -  longitudinal  section  of  wire  of  diameter  3  mo. 
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Fig  9.  Method  of  test  of  samples  of  wire  for  rivet¬ 
ing. 

a  -  position  of  sample  In  nest  of  press  to  test 
for  riveting, 

b  -  position  of  sample  after  test. 

1  -  nest  In  lower  nlate  of  press,  2  -  sample  on 
test,  3,8  -  punch,  4  -  freestanding  part  of 
sample,  5  -  head  of  rivet,  6  -  leg  of  rivet, 

7  -  nest  In  lower  plate  of  press. 
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Fig  10.  Chipping  cracks  on  heads  of  rivets  from 
pressed  wire  stock  of  diameter  6  mm. 


SRAPWe  NOT 
REPRODUCBIE 

Pig  11.  Samples  of  rivets  from  calibrated  wire  of 
diameter  5  mm  (a)  and  diameter  3  mm  (b)  after  test. 
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Fig  12.  Rivets  prepared  from  calibrated  wire  of 
diameter  3,4  and  5  mm  In  factory  conditions. 
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Fig  13.  Macrostructure  along  cut  of  rivet  seam. 


Fig  14.  Riveted  seam. 


Conclusions 

The  technology  of  manufacture  of  hlgh-temp  wire  from 
SAP,  useful  for  production  of  rivets  has  been  developed. 

In  the  study  of  the  temperature  stability  and  mechanical 
properties,  structure,  results  of  engineering  tests  on 
ability  to  be  riveted,  effect  of  annealing  on  the  mechanical 
properties  of  SAP  wire  suitable  for  production  of  rivets. 

It  was  found  that; 

a)  after  drawing,  calibrated  wire  of  diameters  3»4 
and  5  mm  has  at  20C  an  ultimate  strength  from  25  to  30 
kg/mm2,  and  elongation  from  5«5.  to  8-9%>  At  5OOC  ultimate 
strength  Is  from  4.7  to  7  kg/nro^  and  elongation  6.5-lOyJ. 

Wire  of  smaller  diameters  has  at  room  temperature 
higher  strength  and  lower  elJongatlon  than  wire  of  large 
diameters ; 

b)  pressed  wire  stock  of  diameter  6  mm  and  calibrated 
wire  of  diameters  3,4  and  5  mm  from  aluminum  powder  of 
brand  APS-1,  containing  more  than  7%  AI2O3  Is  not  useful  for 
manufacture  of  rivets  due  to  cracks  on  the  heads; 

c)  annealing  of  wire  lowered  the  ultimate  strength 
and  Increased  Its  plasticity; 

d)  a  lot  of  rivets,  prepared  from  wire  (obtained  from 
powder  PP-4)  was  high  quality,  satisfied  requirements  as  to 
mechanical  properties  and  quality  of  surface,  and  riveted 
well. 
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TECHNOLOGY  OF  MANUFACTURE  AND  PROPERTIES  OF  FOIL  FROM 

SAP  (p  87  of  source) 

P.T.  Vlasova,  B.I.  Matveev,  P.V,  Klshnev, 

V.A.  Stelmashchuk,  S.N.  Ananln 


For  obtaining  of  foil  we  use  the  material  (SAP)  con¬ 
taining  a  quantity  of  AI2O3  which  will  ensure  high  tech- 
nolo'Tical  plasticity  of  SAr  during  cold  rolling  of  foil  to 
thickness  0.05  mn  and  less;  r^echanlcal  properties  at  normal 
te-^peratures  and  temperatures  higher  than  300C  should  sig¬ 
nificantly  exceed  properties  of  fell  from  the  other  deformable 
aluminum  alloys.  Foil  from  SAP  should  be  elastic  and  should 
preserve  corrugation  in  the  process  of  manufacture  from  It 
of  honeycomb* 

We  conducted  work  obtaining  of  foil  from  SAP  with 
content  of  AI2O3  within  limits  9-10  and  It  turned 

out  that  from  SkP  with  9-10^  AI2O3  foil  could  be  produced. 
However  in  spite  of  high  strength  characteristics  at  normal 
and  heightened  temperatures  Its  subsequent  molding  la  ham¬ 
pered  by  low  plasticity  and  high  elastic  spring-back.  Foil 
from  SAP  containing  AI2O3  within  limits  of  6-7^  possesses 
sufficiently  high  mechanical  properties  at  all  temperatures 
of  test. 

Temperature  of  test  in  C  .  20  200  250  275  300  400  500 

Ultimate  strencrth  in  kg/mm^ . 31,3  21,8  19,8  16,613,4  7.0  4.5 

Thus,  the  optimum  material  for  manufacture  of  foil 
ooFsessing  vood  formablllty  is  SAP  containing  6-7^  AI2O3. 

For  manufacture  of  foil  we  used  pressed  stock  of 
dimensions  240  x  30  mm,  obtained  by  hot  briquetting  of  pow¬ 
der,  sintering  and  subsequent  hot  pressing.  Strips  Intended 
for  rollinsr  of  foil  must  not  have  coarse  defects  (cracks, 
deep  cavities  and  so  forth).  Strips  held  at  5OOC  for  one 
of  thickness  30  mm  were  rolled  on  a  trio  or  quarto 
mill  to  thickness  of  5  mm.  After  stripolng  of  edges  the 
5  mrr.  strips  were  again  held  at  500C  for  30  min  and  rolled 
to  thickness  2.5  mm;  then,  after  trimming  of  the  edges, 
they  were  annealed  at  350C  for  removal  of  Internal  stresses 
for  two  hours. 

Further  rolling  was  conducted  without  heating;  to 
Co  m'T  the  strip  was  rolled  on  a  two-roll  mill,  but  from 
0.5  to  0.05  mm  —  on  a  six-roller  ribbon  mill.  After  roll¬ 
ing  to  0.5  mm  we  again  cut  the  edges  and  performed  annealing 
at  35CC  for  two  hours.  Hot  rolling  of  strips  from  30  to  5 
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nn  was  done  in  ten  passes,  while  from  5  to  2.5  mm  we  used 
six  passes.  Cold  rolling  of  strips  from  2,5  to  0,5  mm  and 
from  0.5  to  0.05  mm  Is  carried  out  In  ten-twelve  passes. 

Foil  Is  supplied  In  rolls  of  width  to  150  mm  with 
cutoff  edges  (Fig  l). 


as: 

CD 

Fig  1.  Foil  of  thickness  0.05  mm,  prepared  from  SAP 

During  both  hot  and  cold  rolling  foil  Is  prepared 
with  large  degrees  of  deformation.  In  connection  with  this 
there  Is  great  Interest  In  the  Investigation  of  Influence 
of  prolonged  annealing  on  change  of  mechanical  properties. 
For  this  purpose  from  one  lot  of  foil  were  cut  samples  which 
were  subjected  to  prolonged  annealing  at  different  tempera¬ 
tures.  Then  samples  underwent  mechanical  tests  at  normal 
and  heightened  temperatures.  Change  of  ultimate  with  tem¬ 
perature  Is  shown  In  the  Table.  We  see  from  the  data  that 
annealing  of  foil  for  100  hours  at  AOOC  lowers  Its  ultimate 
strength  very  little  as  compared  to  unsuinealed  samples, 
while  annealing  at  500C  for  100-250  hours  decreases  ultimate 
strength  only  by  3-A  kg/mm^. 

The  x-ray  analysis  conducted  of  foil  from  SAP  showed 
that  during  heating  to  500C  the  process  of  recrystallization 
Is  absent.  There  were  not  revealed  any  essential  changes 
In  microstructure  of  the  material  during  Investigation  on 
the  optical  microscope  (X500).  Consequently,  structure  of 
material  after  prolonged  heatings  to  high  temperatures  was 
stable,  which  Is  an  Important  property  of  foil  from  SAP. 
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Table 


Change  of  mechanical  properties  of  foil  depending  upon 
temperature  and  duration  of  annealing 


^PC/KItM  OTiKItra 

TeMncpaiypa 

HCRMTailHR 

cL 

fIpCACil  npOHHUCfIt 

TeMiicpaiy- 
pa  OT'<Kiira 

buAcp^KKa 

HOC 

a. 

— 

— 

20 

31.3 

20 

31.1 

200 

25 

200 

21.8 

20 

30.2 

250 

25 

250 

19.0 

275 

25 

20 

31.4 

275 

16.3 

300 

100 

20 

30.3 

300 

13.6 

400 

too 

20 

29.2 

400 

7.62 

too 

*  20 

27,8 

500 

500 

4.0 

130 

20 

27,7 

• 

250 

20 

26.3 

a  -  Conditions  of  annealing;  b  -  Temperature  of 
annealing  C;  c  -  Holding  In  hours;  d  -  Tempera¬ 
ture  of  test  C;  e  -  Ultimate  strength  kg/mm2. 


Conclusions 

1.  For  obtaining  of  foil  of  thickness  0,05  mm  and 
less  It  Is  recommended  to  use  SAP  with  content  of  aluminum 
oxide  within  limits  6-75^. 

2.  Hot  rolling  must  be  conducted  In  the  Interval  of 
temperatures  450-500C, 
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3*  Prolonged  annealing  of  foil  to  a  temperature  of 
400C  lowers  the  ultimate  strength  very  little.  Annealing 
at  500C  for  250  hours  decreases  ultimate  strength  at  room 
temperature  by  4-5  kg/mm2,  and  ultimate  strength  at  50OC 
practically  is  not  changed  as  compared  to  unannealed  foil. 


MANUFACTURE  OP  PIPES  PROM  SAP  (p  90  of  source) 

P.V.  Klshnev,  A. A.  Selman,  B.I,  Matveev,  V,S,  Zolotov 

(L.S.  Perevyazkin,  M.D.  Levltanskly,  N.l).  Narozhuyy, 
G.M.  Bagnenko,  B.B.  Klemenov,  T.P.  Prokudlna  par¬ 
ticipated  in  this  work) 


This  work  describes  the  technology  of  manufacture  on 
factory  equipment  of  round  and  shaped  pipes  and  results  of 
investigation  of  their  properties  and  structure. 

Initial  stock  for  manufacture  of  round  pipes  were: 

a)  briquettes,  obtained  by  briquetting  of  heated 
powder  on  1500  T  press  and  then  turned  to  pipe  stock; 

b)  pressed  rods  of  diameter  120  mm  out  to  standard 
lengths  and  turned  to  pipe  stock. 

It  is  significantly  more  economic  and  more  convenient 
to  use  for  pipe  stock  the  pressed  rods.  For  obtaining  of 
high-quality  pipes  it  Is  necessary  to  do  the  briquetting 
with  preheating  of  powder  to  500-5500,  heating  powder  for 
3-5  hours  In  order  to  remove  moisture  and  oils. 

For  obtaining  pipe  stock  we  used  powder  of  brand  APS 
with  content  of  AlgOj  within  limits  6.5-lO/J.  Pipe  stock 
before  pressing  was  heated  in  electric  resistance  furnace 
to  450-5500  (the  same  temperature  as  for  rods  and  strips 
from  SAP), 

Prom  the  heated  pipe  stock  with  external  diameter 
118,  Internal  diameter  67,  and  height  150-160  mm,  on  a  ver¬ 
tical  hydraulic  pipe  press  (600  T)  in  a  container  with 
plunger  diameter  120  mm  we  pressed  pipe  of  dimensions  71  i  3 
mm  with  coefficient  of  drawing  10,5.  Pressing  of  pipe  from 
stock  obtained  from  powder  with  content  more  than  Bjs 
turned  out  to  be  possible  only  with  lubrication  of  container, 
while  with  content  in  powder  of  6.55^  ■^1203  lubrication  of 
the  container  was  not  required. 

On  Fig  1  Is  shown  the  macrostructure  of  a  rod  of 
diameter  120  mm  from  which  pipe  was  pressed.  Pressed  pipe 
of  dimension  71  *  3  mm,  shown  on  Pig  2,  does  not  have  on 
the  surface  any  bubbles,  scales  or  other  defects. 

From  the  initial  rod  stock  of  diameter  120  mm  and 
from  the  pipes  we  prepared  samples  which  imderwent  mechan¬ 
ical  test  at  room  temperature  for  determination  of  ultimate 
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strength  and  elongation.  Results  of  these  tests  are  given 
In  Table  1. 


imiucniHH| 


Pig  1.  Macrostructure  of  rod  from  lAlch  was  pre¬ 
pared  the  pipe  stock. 

Prom  the  Table  It  Is  clear  that  ultimate  strength 
of  pipe  stock  Is  higher  by  2-4  kg/mm^  than  pressed  pipes. 
Elongation  of  pipes  Is  3^  higher  than  the  stock.  Conse¬ 
quently,  secondary  pressing  of  pipes  from  stock  lowers 
ultimate  strength  and  Increases  elongation.  Obviously  this 
Is  connected  with  the  redistribution  of  aluminum  oxide  In 
aluminum  matrix  which  Is  caused  by  secondary  pressing. 

On  the  basis  of  Investigations  conducted  It  Is  es¬ 
tablished  that  the  most  successful  combination  of  strength 
and  elongation  Is  shown  by  pipes  prepared  from  powder  con¬ 
taining  not  more  than  6. 5-7. 5^  4I2O5,  Hpe  from  such  material 
can  be  additionally  subjected  to  cold  rolling. 


tMPWNn 

mDUCHI 


Pig  2.  Pressed  pipe  71  x  3  mm. 

One  of  the  problems  yas  the  study  of  the  possibility 
oi  obtaining  pressed  pipes  of  different  size  with  large 
coefficients  of  drawing.  According  to  available  data  on 
the  Influence  of  degree  of  deformation  on  mechanical  pro¬ 
perties  and  formablllty  of  SAP  with  content  In  powder  of 


100 


Table  1 


Mechanical  properties  of  pressed  pipes  and  pipe  stock 


MaHMeHoeaHHe  npoMexcyTomiux 
..  noji^(j)4j6pffKaTOB 

CoAepucaHHe 
OKHCH  aJIlOMH- 
HHB  B  jiyApe 

npcflcji 
npoMHOcm 
kF/mm^  . 

1 

Othocm- 

TeXbHOC 

yAJiBHCHHe 

<Jr3aroTOBKa  r^HaMcipoM  120  mm 

6.H 

33.0 

8.2 

'^^TpyOa  71x3  mm 

6.8 

.30,0 

11.0 

(S.3aroTOBKa  flHaMeipoM  120  mm 

8,7 

35,1 

2.7 

f  Tpy6a  71x3  mm 

8.7 

33.7 

3,3 

a  -  Designation  of  Intermediate  half- finished  products; 
b  -  Content  of  aluminum  oxide  In  powder  c  -  Ultimate 
strength  kg/mm^;  d  .  Elongation  %;  e  •  Stock  of  diameter 
120  mm;  f  -  Pipe  71  x  3  mm. 


7.5^  Al20jj  pressing  Is  best  carried  out  with  a  degree  of 
deformation  of  92-985?. 

We  tried  pressing  of  pipe  of  dimension  22  x  12  mm 
with  coefficient  of  drawing  37.  Stock  for  these  pipes  was 
prepared  from  powder  containing  7.45?  AI2O3.  Pressing  of 
pipes  was  done  on  a  6OO  ton  press  In  a  container  with  di¬ 
ameter  of  plunger  85  mm,  heated  to  550-400C.  The  SAP 
stock  was  heated  for  the  first  time  in  Induction  furnaces. 
Surface  of  stock  did  not  have  defects. 


On  Fig  3  is  shown  pressed  pipe  22  x  2  mm  with  smooth 
external  and  internal  surfaces  (without  bubbles,  swellings 
or  other  defects).  Results  of  mechanical  tests  showed  that 
these  pipes  at  200  have  a  good  combination  of  strength  and 
plasticity.  On  the  average  ultimate  strength  constituted 
35  kg/mm2,  and  elongation  was  equal  to  105?.  During  measure- 
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ment  of  the  wall  thickness  of  the  pipes  it  turned  out  that 
average  variation  is  within  the  allowed  limits  off'  0*5  am. 

Prom  the  above  it  follows  that  on  factory  equipment 
it  is  possible  to  prepare  from  SAP  pipe  of  dimensions 
71  X  3  and  22  x  2  mm  with  coefficients  of  drawing,  from  10.5 
to  37«  This  process  does  not  evoke  additional  difficulties 
and  does  not  require  special  technological  equipment. 

Simultaneously  with  work  on  -the  pressing  and  rolling 
of  round  pipes  we  developed  the  technology  of  manufacture 
of  shaped  pipes.  Conditions  of  heating  and  pressing  of 
sh«.ped  and  rr».md  pipes  are  identical.  We  prepared  shaped 
pipes: 

a)  having  internal  surface  shaped,  and  external 
round  (Pig  4); 

b)  with  smooth  internal  and  external  surfaces; 

c)  with  shaped  internal  and  external  surfaces. 

Pipes  of  form  "a"  were  obtained  by  pressing,  pipe  of 

form  "b"  by  pressing  with  subsequent  rolling,  pipe  of  form 
"c”  by  pressing  with  subsequent  rolling  and  drawing  throu^ 
a  shaped  die  block. 

Results  of  tests  showed  that  from  SAf  of  any  brands 
able  to  be  deformed  by  hot  pressing,  it  is  possible  to  ob¬ 
tain  pipes  of  t|^e  most  diverse  configuration.  Pipes  of 
form  "b*  and  "c  can  be  obtained  from  SAP  containing  not 
more  than  7-85^  AI2C3. 


GRAPHIC  NOT 
REPRODUCIBLE 


Pig  4.  Pressed  pipe  with  shaped  internal  surface 

To  establish  the  necessary  rolling  conditions  on 
the  mill  KhPT-75  we  selected  optimum  speeds  of  supply  of 
the  pipes.  Conditions  of  rolling  are  given  in  Table  2. 

It  was  established  that  an  Increase  of  speed  of  sup¬ 
ply  to  3-4  mm/min  does  not  affect  the  quality  of  surface  of 
pipes  of  dimensions  78.5  x  2.5  and  78.5  x  3  aim.  Therefore 
the  optimum  speed  of  supply  for  these  pipes  should  not 
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exceed  3*^  mm/mlnute .  After  rolling,  at  a  temperature  of 
450-4800  we  forged  (flattened)  the  ends  of  the  pipe  as 
necessary  for  subsequent  drawing.  Then  the  pipes  were  sub¬ 
jected  to  drawing  (on  drawing  mill)  with  a  speed  15  m/sec 
with  a  reduction  of  1  mm  per  side  In  one  pass  (from  diameter 
66  to  64  mm).  The  round  rolled  pipes  after  drawing  (to 
diameter  64  mm)  were  subjected  to  drawing  through  a  shaped 
die  on  the  same  mill.  During  drawing,  on  the  surface  of 
the  rolled  pipes  there  appear  bubbles,  which  Is  explained 
by  insufficient  holding  time  of  the  powder  at  500-5500 
before  briquetting. 


Table  2 

Oonditions  of  rolling  of  pressed  pipes  78.5  x  2,5 
and  78.5  x  3  mm  on  mill  KhPT-75 


n  iiv.ipe 

■Wh 

0 

CU  "  1 

Pa3MCp 
wpecconan- 
iioM  Tpy6iii 
,  MM  ‘ 

cr 

PaaMCp 

Ka.iii6pa 

MM 

(L/ 

JliiaMCip 

()[ipaHKii 

MM 

d 

CKOpoCTb 

iioAa'iit 

mm/muh 

Mnr.'io 

AHoiillUX 

^KJICTII  ^ 

Pa3MCp 

K.iiaiioH 

Tpy6u 

1  MM 

!«■ 

()  '<  7 

78,:)X2,5 

Ho,  ()6 

r>2  1 

4-5 

()0 

(')(>/:  02 

<1 .  s  7 

Ts.^xa.o 

83  <()() 

(L>  1 

■  3-4 

(><) 

iiiK  :62 

Note.  As  lubricant  we  applied  spindle  oil. 
Surface  after  rolling  was  smo'^th,  brilliant. 

a  -  Oontent  In  powder  of  Al2055{;  b  -  Dimension  of 
pressed  pipe  mm;  c  -  Dimension  of  die  mm; 
d  -  Diameter  of  mounting  mm;  e  -  Speed  of  supply 
mm/mln;  f  -  Number  of  double  movements  of  stand; 
g  -  Dimension  of  rolled  pipe  mm. 


In  Table  3  are  given  the  mechanical  properties  of 
pipe  stock,  pressed  and  rolled  pipes  at  room  temperature. 

From  the  Table  It  Is  clear  that  the  ultimate  strength 
of  pipe  stock  is  higher  and  the  elongation  Is  lower  than 
for  pressed  pipes.  After  rolling  and  drawing  the  ultimate 
strength  of  pipes  is  increased  by  2,2  kg/mm2,  and  elonga¬ 
tion  decreases  by  3*9/^.  Increase  of  ultimate  strength 
probably  is  connected  with  the  work  hardening  appearing  in 
the  process  of  rolling  and  drawing  of  pipes. 
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Table  3 

Neohanlcal  properties  of  pipes 


HaNneHOMHNe 
^  no.iyi^6pNKaTOB 

npejiea 

npORHOCTH 

j^kPImm^ 

OTHOCHTCab- 

HO« 

yAaRHeuNe 

ft.  ' 

iflpyroK  AHaMerpoM  120  mm 

33,0 

8.0 

^ripeccoBaHuaa  TpyOa 

7H,5x2,5  mm 

30,3 

10.9 

mTpv6a  iiuc.ie  Bo.io>ieHMR 

OS  :2.o  MM 

32.5 

7,0 

a  -  Designation  of  half-finished  products;  b  -  Ul¬ 
timate  strength  kg/nun^;  c  -  Elongation  d  -  Rod 
of  diameter  120  mm;  e  -  Pressed  pipe  73,5  x  2.5  mm; 
f  -  Pipe  after  drawing  68  x  2.0  mm. 


After  pressing,  rolling  and  drawing  we  measured  the 
thickness  of  walls  of  the  pipes.  Results  of  measurements 
are  given  in  Table  4. 

From  the  Table  it  is  clear  that  differences  in  wall 
thickness  of  pipes  after  rolling  noticeably  decreases  and 
after  drawing  is  kept  on  the  same  level. 


nmiKiirr 

RBumuiiu 


Fig  5.  Naorostruoture  of  shaped  pipe. 
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GRAPHIC  NOT 
REIMBlf 


Pig  6.  Mlcrostructures  of  pressed  (a),  rolled  (b) 
and  drawn  (c)  pipes,  1400. 
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There  were  no  essential  changes  noted  In  structure 
of  the  material  In  the  process  of  manufacture  of  pipes. 

Macro-  and  microstructure  of  pressed,  rolled  and  drawn 
pipes  does  not  differ  from  structure  of  pressed  half-finished 
products  from  SAP. 

On  Fig  5  is  shown  the  macrostructure  of  shaped  pipe, 
and  on  Pig  6  the  micro structure  of  pressed,  rolled  and  drawn 
pipes. 


Table  4 


Differences  of  waV.  thickness  of  pressed,  rolled 
and  drawn  pipes  In  mm 


^2  il: 

e,c 

Cl  O  H 

"Is 

ToJitumia  ctchok 
npcccoBaiiiiux  ipy6 

U 

“  H  »  .  *5 

n  o  o  a 
r:  O  o  C 
tu  a  a  Cl 

o 

•5 

/E 

tlSoS 
§  H  fcc- 

r-  u  H  a 

•  o  X 

Z  tg. 

o  a 

=  =  5 

M 

5  ti  r 
a  O  r;  o 
r  a  Cl  r* 

C  O  o  c 
^  a  k; 
u 

J' 

t:  H  «  5 

o  ja  SI  = 

=  H  o 

“i  Cl  o  r* 

■r  o  O  O 

2:.  a  a  *: 

TCOPCTII- 

<iecKaR 

^paKTif- 

sccKaR 

78.5X2,5 

2.25 

2.‘I0 

0.35 

1.99 

0.07 

2,10 

0,05 

2.75 

2,03 

2.07 

2.0} 

2.05 

2.05 

2.05 

2,00 

2.07 

1.98 

78.5X2,5 

2.25 

2.4i2 

0.23 

1.96 

0.05 

2.08 

0.03 

• 

2.65 

2.00 

2.11 

2.50 

2,01 

2  'V 

2,37 

1.96 

2.59 

1.98 

• 

2.00 

78,5x3,5 

3.25 

3,36 

0.21 

1.96 

0,15 

1.97 

0,15 

3,37 

1.97 

2,01 

3.42 

2.00 

2,00 

3.51 

2,03 

2.11 

3,57 

2.07 

2.07 

2,10 

1,96 

- 

2.U 

1 

1 
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Key:  a  -  Dimensions  of  pressed  pipes;  b  -  Thickness  of 
walls  of  pressed  pipes;  c  -  theoretical;  d  >  actual;  e  > 
Differences  of  wall  thickness  after  pressing;  f  -  Thickness 
of  walls  of  pipes  after  rolling;  g  -  Differenoes  of  wall 
thickness  of  pipes  after  rolling;  h  -  Thickness  of  walls  of 
pipes  after  drawing;  i  -  Differences  of  wall  thickness  of 
pipes  after  drawing. 


Conclusions 

1.  Round  and  shaped  pipes  from  SAP  can  be  prepared 
in  factory  conditions  using  existing  technological  equip¬ 
ment  and  gear  (just  as  pipe  from  aluminum  and  its  alloys). 

2.  For  manufacture  of  round  and  shaped  pipes  we 
recommend: 

a)  pressing  at  a  temperature  of  450-5000  on  vertical 
and  horizontal  hydraulic  presses  with  specific  pressure  to 
90  kg/mnfi  and  speed  of  pressing  1  m/sec; 

b)  cold  rolling  of  pressed  pipes  be  carried  out  on 
cold  rolling  mills; 

c)  perform  drawing  (calibration)  of  rolled  pipes  for 
bringing  their  dimensions  to  final  values  on  chain  drawing 
machines. 

3.  From  SAP  it  is  possible  to  draw  pipe  of  dif¬ 
ferent  configurations. 

4.  The  best  combination  of  strength  and  elongation 
is  shown  by  pipes  produced  from  aluminvm  powder  containing 
6. 5-7. 5^  AI2O3. 

5.  Secondary  pressing  of  pipes  from  stock  leads  to 
lowering  of  ultimate  strength  by  2-4  kg/mm^  and  increase 
of  elongation  by  3%  as  compared  to  initial  material.  Rol¬ 
ling  and  drawing  Increase  strength  and  decrease  elongation 
of  pipes  depending  upon  the  degree  of  deformation  to  which 
they  can  be  subjected. 

6.  Prom  SAP  it  is  possible  to  prepare  round  and 
shaped  pipes  with  the  same  tolerances  as  for  pipes  from 
the  aluminum  alloys. 

7.  Heating  of  pipe  stock  for  hot  pressing  can  be 
conducted  in  Induction  furnaces. 
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TSOHNOLOGY  OF  STAMPING  OP  ARTICLES  FROM  SAP  (  p  98 

of  source) 

B.I.  Matveev,  I.R.  Ehanova,  S. I.  Shchedrin 

(D.M.  Llkhosherstov,  I. I.  Shehhtman  partici¬ 
pated  In  this  work) 


SAP  as  compared  to  aluminum  deformable  alloys  pos¬ 
sesses  lowered  technological  plasticity  at  room  temperatxire. 
At  high  temperatures  (450-570C)  It  csm  be  subjected  to  any 
treatment  by  pressure  (pressing,  rolling,  forging  and  stamp¬ 
ing)  .  Technological  plasticity  of  SA^  as  we  know  from 
source  material,  Is  Increased  with  Increase  of  speed  of 
deformation. 

Therefore  It  was  decided  to  try  manufacture  details 
from  SAP  by  the  method  of  stamping  on  hammers,  and  also  on 
presses  with  heating  of  stock  to  temperatures  of  450-5700. 

STAMPING  ON  HAMMER 

For  hammer  stamping  we  selected  a  piston.  During 
Its  meuiufacture  there  occurs  upsetting  of  material  (mold¬ 
ing  of  bottom)  and  flowing  (molding  of  skirt). 

The  following  variants  of  stamping  of  pistons  were 
proposed:  from  briquettes,  from  sintered  billets,  from 
pressed  rods. 

The  Initial  material  —  briquettes,  sintered  billets 
and  pressed  rods  —  were  prepared  from  aliunlnum  powder  con¬ 
taining  7-10^  AI2O3.  Briquetting  and  subsequent  operations 
(production  of  sintered  billets  and  pressed  rods)  were  per¬ 
formed  by  usual  factory  technology  (without  preliminary 
heating  of  powder) . 

Investigations  of  meohanlcal  properties  of  Initial 
material  showed  that  briquettes  have  very  low  strength  and 
plasticity,  whereas  properties  of  sintered  billets  are  near 
to  properties  of  pressed  rods  (Table  l). 

Stamping  was  performed  by  a  2  T  hammer  In  a  heated 
open  stamp  with  lubrication. 

Stamping  of  pistons  from  briquettes.  For  stamping 
of  pistons  from  briquettes  we  selected  a  temperature  of 
5700.  Briquettes  were  held  In  a  furnace  with  this  tempera¬ 
ture  for  2-3  hours. 
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Table  1 


Property  of  briquettes,  sintered  billets  and  pressed  rods 


Bma  aaroTOBKii 

CoAep/KaiiHe 

AI,C)3 

Vo  i 

^  CeourTHa  npii  20®C 

1  ^9  1 

I  kFImm^ 

*9 

On 

kF-m/mm- 

HB 

kF/mm^ 

GpHKCT 

! 

9  1 

1 

9-10 

O.l 

0.2 

76 

10,4  1 

1 

G-12 

0.1 

1 

CneHCHHafl  aaro- 
TOBKa 

i 

1 

7 

24 

6 

0.4 

72 

9 

36 

1, 1-2.0 
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10,4 

37 -an 

i.0-1.5 

i 

£  lIpeccoiKiiiiiuii  < 
rnpyioK 

[  (i.G 

28-31 

!  1 

1  3-6 

j -'Tr . 

j 

a  -  Form  of  stock;  b  -  Content  c  -  Properties 

at  200;  d  -  Briquette;  e  -  Sintered  billet;  f  - 
Pressed  rod. 


In  the  process  of  stamping,  due  to  the  low  plasticity  •  v 
of  briquettes,  on  the  side  surface,  in  the  center  of  the 
bottom  and  on  the  skirt  of  the  pistons  there  were  formed 
many  deep  cracks.  Strong  delaminations  appeared  on  the 
bosses.  Appearance  of  cracks  on  the  side  surface  of  piston 
can  be  explained  not  only  by  the  low  plasticity  of  material, 
but  also  by  the  fact  that  in  the  process  of  stamping  there 
occurred  strong  adhesion  of  the  deformed  material  to  the 
stamp.  Therefore  for  improvement  of  flow  of  material  we 
applied  an  aluminum  covering  of  thickness  0.8  mm,  which  was 
placed  between  briquette  and  stamp  Just  before  stsunping. 

Buring  stamping  the  shell  was  tightly  connected  with  the 
material  but  no  improvement  of  quality  of  stamping  was  ob¬ 
served,  since  on  the  shell  and  on  the  surface  of  the  detail 
there  wei’e  formed  cracks  (Pig  l). 
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Pig  1.  Appearance  of  piston  obtained  hj  stanping 
from  briquette  with  application  of  alumintna  covering* 

Thus,  stamping  of  pistons  directly  friMi  briquettes 
in  usual  conditions  did  not  give  positive  results. 

Stamping  of  pistons  from  wintered  billets.  Most 
fully  was  studied  stamping  during  530-570C  of  pistons  fr<nii 
sintered  billets  containing  7,9  and  10%  Al20^. 

On  Pig  2  are  given  the  macrostruoture  of  the  cross 
section  of  pistons  with  different  content  AI2O3.  |n  the 
process  of  impact  deformation  on  the  internal  surface  of 
pistons  fr(WB  S.iP  containing  10^  AI2O3  there  was  formed 
a  consolidated  orust  which  was  partially  scaled  from  the 
basic  mass  of  material.  Least  compaction  occurred  In  the 
zone  of  the  bottom  of  the  piston. 

,  On  Pig  2,  a  is  given  the  macrostructure  of  a  piston 

with  content  of  7%  AI2O3.  The  Internal  surface  of  the  forg¬ 
ing  does  not  have  defects  (with  the  exception  of  small 
stratifications  on  bosses),  but  on  the  external  surface  and 
especially  in  the  region  of  transition  of  shirt  there  are 
seen  cracks,  whose  formation  can  be  explained  by  the  low 
plasticity  of  SAP. 

Porgings  containing  9  and  10%  AI2O3  had  a  large 
quantity  of  deep  transverse  cracks  (Fig  2,  b  and  c). 

Por  Improvement  of  flow  of  the  metal,  as  in  stamping 
from  briquettes,  we  applied  sui  aluminum  covering.  It  was 
found  that  on  the  forgings  (with  7-9%  AI2O3)  there  were 
small  cracks  in  the  flashing  zone.  Basically  however  the 
forging;  was  of  satisfactory  quality  (Pig  3). 
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Fig  2. 

produced  from 


Macrostructure  of  cross 
sirxtered  billet. 


section  of  piston, 


7 


AlpOj, 


Use  curing  stamping  of  sinter'^d  bi 
10%  kl20y^of  the  aluminum  covering  did  ne 
q^alit^^  In  this  case  it  is  advisable  to 
ing  in  a  GUunp. 


lets,  containing 
improve  the 
oducs  the  stamp- 


IMg  '1  Appearance  of  piston  obtained  by  method  of 
stamping  from  sintered  billet  with  appj.icaticn  of  aluminum 
covering* 


MAaMm  iMv 

MRS  NT 

nmau 


Fig  4.  Appearance  of  piston  obtained  from  pressed 
rod  with  application  of  alimlnum  covering* 


Stampixig  of  pistons  from  pressed  rods.  For  steunplng 
of  pistons  from  pressed  rods  we  selected  a  temperature  of 
5700*  Stock  was  held  In  furnace  at  this  temperature  for  3 
hours.  Before  stamping  the  rods  were  subjected  to  prelim* 
Inary  upsetting* 

Since  'Uie  material  of  the  pressed  rods  Is  more  plas* 
tie*  the  forging  from  It  do  not  have  transverse  cracks  and 
rents  characteristic  of  billets  and  briquettes.  The  char¬ 
acteristic  for  briquettes  and  sintered  billets  scaling  on 
Internal  surface  of  piston  Is  absent.  Macrostructure  of 
piston  Is  fine  and  unlfozm* 

Oood  results  were  also  obtained  with  application  of 
the  aluminum  covering  (Fig  4)* 

MBCHANIOAL  PHOPERTIES  OP  PISTONS 

Samples  for  determination  of  mechanical  properties 
of  pistons  were  cut  In  a  definite  pattern  (Fig  5). 


Fig  5.  Pattern  of  cutting  of  samples  from  piston 
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The  mechanical  properties  of  these  samples  at  20C 
and  heightened  Temperatures  are  given  in  Tables  2  and  3» 
from  which  it  is  clear  that  the  best  properties  are  pos¬ 
sessed  by  forging  from  sintered  billets  with  9^  ^2®3» 

In  stamping  of  sintered  billet  with  1%  AI2O3  Improvement 
of  mechanical  properties  was  not  observed. 

Table  2 

Mechanical  properties  of  pistons  at  200 


a. 

COAep'AAKMC 

AI203 

% 

4- 

anroTODKii 

j 

o5p.i3r{OD 
CO  CXC.MC 

5) 

KPjMM^ 

% 

HB 

KPfMMi 

9.0 

1 

7  0 

otSpUKCT 

^Cn  'fCMHaH  3aro- 

TOBKa 

/,  AHO 

2,  IOCkdA; 

/,  I 

2,  106 Ka^  : 

35.4 

25,8 

23,6 

25,2 

3.3 
1.7 

5.3 
2.0 

.  114 

101 

68.3 

54 

9.0 

J  O'.;.  • 

6CncqcHJfaH  aaro- 
TOBKa 

1 

i 

1 

/.  f 

1, 

2.  to6K3^ 

2,  K)6kz'L 
J,  IoOk*! 

3,  jo5Ka'L 

37.1 

37.8 

35.8 

36.0 

36,4 

34,0 

2.0 
.  4.3 

3.3 

2.1 

107 

107 

107 

107 

107 

107 

'  •  ! 

!  6.5  i 

=  1 

i 

i 

i 

t  npocronatifiWh 

j  ^  t"  j  ^  ®  ^ 

! 

1  I 

i 

1 

/, 

/.  AKO|- 

1  r,  io6kz  L 

2.  wOwa'C 

3,  to6i::.  t 

i  < 

24,8 
.  25.4 

!  27,4 

2'/.! 

!  26;5 

'  25.4 

6,0 

10.0 

13,3 

u.o 

12.0 

9,0 

65,5 

72,4 

72.4 

65.5 

65.5 
63,0 

a  -  Gorjtent  b  -  Fami  of  stock;  c  -  No,  of 

s-'Unpies  on  (Pip:  5);  i  -  Briquette;  e  -  Sin¬ 

tered  billet;  f.  -  Pressed  rod;  g  -  bottom;  h  -  skirt. 


Table  3 


Mechanical  prcpertlee  of  pistons  at 
heightened  temperatures 


*  MA  aaroToaKH 

*  Jlifl  BTannoaKH 

1 

1  • 

CoACpacaHHe 

OKMCn 

aaioMMHMa 

% 

1^400* 

•• 

Q 

•• 

iCTlMjfi 

1 

% 

^tfipHKer 

•.0 

«.6 

7.0 

eCMacHiiifl  aaroTotKa 

«.o 

15.6 

— 

— 

M.4 

3.5 

fflpeccoMHHull  npyroK 

6.S 

— 

8-10 

6-0 

‘  t 

— 

a  •  Form  stock  for  stamping;  b  -  Content  of  alum¬ 
inum  oxide  0  •  at;  d  -  Briquette;  e  -  Sintered 
billet;  f  -  Pressed  rod. 


SIAMPma  ON  PBBSS 

(N.N.  Iperyanoya  participated  In  this  wozic) 

The  laboratory  Investigations  conducted  shoved  that 
optimum  for  stamping  on  press  Is  a  temperature  of  450-500C. 

▲s  a  detail  for  stamping  on  press  ve  selected  a  com¬ 
pressor  blade.  Initial  material  —  pressed  rods  of  diameter 
30  mm  -  were  obtained  from  aluminum  powder  containing  7-8^ 
ll2^*  Before  pressing  of  rods  there  was  conducted  prelim¬ 
inary  heating  of  the  powder.  Properties  of  Initial  pressed 
rods  are  given  In  Table  4. 

Table  4 

Properties  of  Initial  pressed  rods 


TeMneparypa 

McnuraHHM 

Ou  'C 

ripeAea  nposHOCTH 
kFImm^ 

OTHocHTcaaMoe 

yAJiHHeHMe 

a,  t 

20 

27-30 

6 

500 

8-9 

2 

a  -  Temperature  of  test  C;  b  -  Ultimate  strength  kg/mm^; 
0  -  Elongation 
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The  blade  was  produced  in  two  operations:  upsetting 
of  head  and  final  stamping.  After  every  operation  we  in¬ 
vestigated  the  properties  and  structure  of  the  blade. 

WKwr  HBl 

now  1^1 

?lg  6.  Macrostructure  of  stock  after  upsetting  of 
head. 


On  Pig  6  is  presented  the  macrostructure  of  the  stock 
after  upsetting  of  head  on  horizontal  forging  machine  at 
500C  (beating  before  upsetting  for  2-3  hours).  Defects  in 
structure  of  stock  are  absent. 

After  final  stamping  on  press  at  5000,  on  the  blade 
there  were  formed  cracks  at  the  transition  from  basic  ma¬ 
terial  to  the  flashing.  These  defects  were  removed  by 
further  machining  (Pig  7).  Thus,  stamping  at  5000  gave 
satisfactory  results. 

Samples  for  determination  of  prolonged  strength  were 
cut  from  the  blade  and  from  the  stock  after  upsetting  of 
heads.  As  shown  by  results  of  tests  at  5000  for  100  hours, 
the  value  of  prolonged  strength  of  samples  is  the  same  as 
for  the  initial  material  (4.5  kg/mm2).  Samples  cut  from 
the  stamped  blade  had  a  mlcrostructure  sharply  stretched  in 
the  direction  of  deformation  of  the  material  (Fig  8). 


...ij 
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OUVttCNOT 

REmawniiE 


7>  Compressor  blade  prepared  by  method  of  stamp 
Ing  on  press. 


nvwior 

RBHONCIItE 


?lg  8.  Hicrostructure  of  sample  taken  from  stamped 
blade,  Z300. 


Conclusions 

Pressed  rods  have  the  best  technological  properties 
for  stamping  by  hammer. 

nom  briquettes,  due  to  their  low  plasticity  it  Is 
Impcsslble  to  obtain  high  quality  details  in  open  stamps 
even  with  application  of  an  aluminum  covering.  Details 
stauaped  from  sintered  billets  containing  not  more  than  9^ 
II2O3  had  the  best  mechanical  properties. 
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mechanic.il  properties  and  structure  of  forged  billets 

FROM  SAP  (p  105  of  source) 

P.Y,  Kishnev,  L.S.  Perevyazkin, 

A. A.  Petrova,  N.K.  Averkipa 

(G.M.  Bagneriko,  V*I.  Sverlov  participated  in  this  work) 


In  connection  with  the  increased  needs  of  industry 
for  stajiped  and  forged  details  from  SAP.  there  appeared  the 
necessity  of  a  search  for  the  optimum  conditions  of  forging# 
With  this  goal  we  studied  forging  of  billets  obtained  from 
pressed  rods  of  SAP. 

For  the  investigation  we  selected  aluminum  powder  of 
brand  APS-1,  containing  7.1^  Al203e  For  forging  we  selected 
rods  of. square  (3^  x  36  mm)  and  round  (diameter  110  mm) 
sections. 

FORGING  OF  BILLETS  FROM  RODS  OF  SQUARE  SECTION 

Rode  of  square  section  were  prepared  from  briquettes 
obtained  by  pressing  of  both  heated  and  cold  powder  in  cold 
containers  with  subsequent  compaction  and  sintering. 

REPRODUCIBLE 

Fig  1,  Macrostructure  of  rod  of  section  36  x  36  mm, 
prepared  from  briquettes  obtained  by  cold  (a)  and  by  hot 
( b)  briquetting. 

On  Fig  1  is  shown  the  macrostructure  of  rods  prepared 
from  briquettes  obtained  by  hot  and  cold  briquetting  (sam¬ 
ples  were  cut  from  the  two  ends  and  from  middle  of  rod).  On 
Fig  2  Is  presented  the  microstructure  of  these  rods  with 
magnification  of  250.  Structure  of  rods  from  briquettes- 
obtained  by  both  methods  is  identical.  This  microstructure 
is  characteristic  for  the  pressed  half-finished  products 
from  SAP. 

Tests  of  mechanical  properties  of  rods  were  conducted 
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at  20  and  5000.  Results  are  given  In  Table  1. 

from  Table  1  It  Is  clear  that  the  values  of  ultimate 
strength  and  elongation  of  rods  from  briquettes  obtained  by 
pressing  of  powder  In  heated  and  cold  states  are  little 
different. 

forging  of  procurements  from  rod  was  done  on  a 
pneumatic  hammer  of  capacity  150  kg.  The  billets  were 
heated  In  electric  resistance  furnaces  without  protective 
atmosphere  to  temperatures  of  450,  500,  550,  600  and  650C. 
five  billets  of  the  eight  were  obtained  from  briquettes 
of  heated  powder  and  three  from  cold  pressed  briquettes, 
from  the  billets  we  free  forged  plates  of  section  10  x  65  mm 
using  the  conditions  given  in  Table  2. 


fig  2.  Mlcroatructure  of  rod  36  x  36  mm,  prepared 
from  briquettes  obtained  by  cold  (a,b)  and  by  hot  (c,d) 
briquetting,  Z250. 


a,c  -  longitudinal  sections,  b,d  -  cross  sections 


From  every  forged  plate  we  cut  templets  for  macro- 
control  in  longitudinal  and  transverse  directions.  On 
Fig  3  is  shovm  the  macros true ture  of  all  eight  plates 
forged  in  the  longitudinal  direction.  Two  plates  forged  at 
6000  from  rods  obtained  by  briquetting  of  both  cold  and  heat 
ed  powder  had  cracks.  All  the  remaining  macrographs  were^ of 
satisfactory  quality. 


Table  1 


Mechanical  Properties  of  Rods  of  Square  Section 
(Longitudinal  Samples; 


Cnoco6  fipHK'CTKpOBaniffl 

!  Ks  • 

n^i  500® 

^  EyApu 

o6pa3ua 

kF I  mm- 

1 

% 

kFImm- 

& 

% 

oC  BpKKCTHpouanHc  HarpoTOH  nyapw 

1 

29.3 

12.0 

6.5 

2.4 

2 

29.5 

12.4 

8.0 

2.0 

3 

29;3 

14.0 

6,6 

2.0 

4 

29,0 

12.0 

5.8 

1.2 

^  r>pjtKCTifpooamic  xo.'iOitiiOK  ny^pu 

1 

29.2 

12.0 

7.3 

2.4 

2 

29.0 

12.0 

7.3 

2.4 

3 

29.8 

12.0 

7.8  1 

2,0 

• 

4 

29.8 

12.0 

7.7  i 

2.4 

a  «  Method  of  briquetting  of  powder;  b  -  No.  of  sample; 
c  -  At;  d  -  Briquetting  of  heated  powder;  e  -  Briquet¬ 
ting  of  ijold  pov/der 

Prom  Table  3  it  is  clear  that  the  best  combination  of 
st.reagth  and  elongation  is  observed  in  plates  forged  at 
vrith  both  hot  and  cold  briquetting  of  powder.  Thus, 
for  instance,  at  a  temperature  of  forging  of  4500  for  forged 
plates  prepared  from  briquettes  of  heated  powder,  the  ul¬ 
timate  strength  at  20C  constitutes  27.9  kg/mmS,  and  elonga¬ 
tion  is  11.6%:  at  a  temperature  of  forging  of  5500  the 
strength  was  increased  to  29.1  kg/rnm^^  and  elongation  to 
16.4^.  Consequently,  forging  of  billets  from  SAP  at  5500 
increases  the  strength  by  1-2  kg/mm^,  elongation  by  3-5^® 
and  also  improves  the  quality  of  surface  as  compared  to 
forging  ^500,  Macrostructure  of  plates  forged  at  5500  is 
normal  for  SAP, 


Table  2 


Conditions  of  Forging  of  Billets 


TeMnejM- 
typa 
■arpeea 
•  neqii 
OL'C 

BptMM 

HIXOMC- 

XeHHM 

B  neMH 
^lae 

TeMnepa- 

typa 

Haqaaa 

KOOKH 

Teunepa- 

typa 

Koima 

KOBKM 

Cro€o6 

OpilKeTNpo- 

BaHNf 

e. 

PeayjibTaTu  ocMorpa 
noaepxHocTH 
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2.0 

450 

320 

^opsMce 

• 

CflOBepXHOCTb  yAOBXCTBO* 

picfeaBHaa;  TpeuiHu  hct 

510 

2.S 

500 

340 

jTopMMee 

{XoaoAHoe. 

To  Ke  j 

• 

565 

3.0 

550 

360 

^opavee 

CXoaojiHoe 

• 

j  • 

610 

3.5 

600 

350 

^opiaee 

(Xozojuoc 

CTpCtUHHU  C  6OKOBOA  CtO> 

poMU  no  aceft  ax  mho 
jTo  xt 

660 

4.0 

650 

.360 

^flOBepXHOCTB  yAOBXeTBO- 
pnrexBHaa;  TpeniMH  hct 

a  «  Temperature  of  heating  in  furnace  C;  b  -  Time 
in  furnace  in  hours;  c  -  Temperature  at  beginning 
of  forging  0;  d  -  Temperature  at  end  of  forging  0; 
e  -  Method  of  briquetting;  f  -  Results  of  inspection 
of  Burfuoe;  g  -  Hot;  h  -  Cold;  1  -  Surface  satis¬ 
factory,  no  cracks;  J  -  The  same;  k  -  Cracks  on 
lateral  face  over  entire  length. 

Hote  1.  For  equalizing  of  temperature  billets  were 
held  in  furnace  for  30  minutes. 

2.  Insignificant  lowering  of  temperature  of  billets 
occurred  during  transportation  to  hammer. 
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From  every  forged  plate  we  out  in  t&e  longltjj^i?^ 
direction  samples  for  meohanioal  tests.  Results^ of 
are  given  in  Table  3.  (  See  page''>l4-5) 


3.  Macrostructure  of  p] ites  fo 
500  (b),  550  (c,d),  600  (e,f). 


ROUND  SECTION 


FORGING  OF  RODS  0 


late;;  in  lonfrltudinal 


Macrostruoture  of 

(a)  and  transvor:-; 


BUmCWT 


Pig  5*  Microstructure  of  samoles  In  longitudinal 
(a)  and  transverse  (b)  dlreotions. 

On  Pig  4  is  shown  the  macrostructure  of  the  plate, 
and  on  ns  5  the  mlcrostruoture  of  slides  out  from  middle 
of  the  same  plate  In  longitudinal  and  transverse  directions. 
Prod  figure'  It  is  clear  that  the  slides  have  a  banded  tez> 
ture. 

Results  of  mechanical  tests  of  samples  cut  from  mld> 
die  of  plate  are  given  in  Table  4. 

Table  4 


Mechanical  Properties  of  Plates 


HanpaBJicKNc 
•ypeaxH  o6pa340B 

M3  MJiaCTNHH 

-t-FTpH  20® 

VnpN  500* 

U 

D 

u 

8 

% 

C.npoAO«MHue 

3!.0 

10.4 

8.8 

8.0 

31.2 

10.0 

8.8 

4.8 

^inonepe<iHue 

29.9 

8.0 

8.3 

3.6 

29.6 

8.0 

7.7 

1.6 

a  -  Slreotlon  of  cutting  of  samples  from  plate; 
b  -  At;  0  -  Longitudinal;  d  -  Transverse. 

Prom  Table  4  it  is  clear  that  the  ultimate  strength 
and  elongmtion  for  forged  plate  in  the  longitudinal  direc¬ 
tion  are  higher  than  In  the  transverse.  Strength  of  samples 
out  from  strip  In  the  longitudinal  direction  constituted 
at  200  —  31.2  kg/mm^,  and  elongation  —  10.45<;  ultimate 
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strength  of  samples,  cut  across  the  strip  was  equal  to 
29.6  lcg/nim2  and  elongation  —  8.05^. 


Conclusions  - 

The  Investigations  conducted  showed  the  possibility 
of  forging  of  billets  from  SAP  on  existing  factory  equipment. 
3est  combination  of  strength  and  elongation  Is  obtained  at 
a  temperature  of  the  beginning  of  forging  of  5500  and  termin¬ 
ation  —  3600. 

Method  of  briquetting  of  aluminum  powder  has  no 
effect  on  mechanical  properties  of  pressed  rods  and  forged 
plates. 

Table  3 

yechanloal  Pro’^erties  of  Plates  10  x  65  mT.  After  Forging 


Ou  Pe)KHM  KOBKH 

Ce  Cnoco6 

6pHKeTHpO- 

BaHHfl 

nyjipM 

i 

1  npn  2(f 

oAnpii  50( 

T 

Teknepaiy- 
pa  Ka*ia.ia 

.  K(iRKH 

TemnepaTv- 
pa  KOH!ia 

A  KORKU 
^  1 

3n 

kT/mm- 

kP'mm- 

h 

% 

450 

320 

1  1 
^I'opH’ico  !  17,9 

11,6 

7.6 

3.0 

500 

550 

1 

j 

340 

1 

300 

dPopHHCC 

28.4 

13.6 

8.2 

3.6 

pXo;ioflHoe 

28,  K 

15.2 

8.0 

3.6 

€.ropBMee 

i  1 

29.1 

16,4 

7.7 

1 

4.7 

Xo.To.iiioe  j 

1*  1 

28.7 

16,0 

8.3 

3,6 

60<'' 

1  350 

1 

Ipf.  ,  .  1 

1  opflnec  ()6pa3UM  hc  HsroTOBan.iHCb 

j  ,  ^  Tpcmiin  iia  n,iacTMiiax 

1  f  Xo.ioaitoc  1  f 

.  i  3n0  j ^r«p!i'icc  I  10,0  i  6,5  3,0 


(a)  Conditicns  of  forging;  (b)  Temperature  at  beginning 
of  forcing  C;  (c)  Method  of  briquetting  of  powder;  (d) 

At;  (e;  Hot;  (f)  Cold;  (c)  Sa'^ploF  v.'‘=re  net  prepared  be- 
cnt,’.'’e  of  cracks  on  plates  (h)  Te~pereture  at  end  of  forging  C» 
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WELLING  OF  SAF-1  (p  111  of  source) 

Itt.V.  Melnikov,  V.V.  Zyukln,  V.I.  Oboturov 

(Work  was  conducted  under  leadership  of  K.F. 
Nartlshln,  with  partlolpatlon  of  M.V.  Korotkova, 
F.I.  Leonov,  and  0.7.  Martlshln). 


Investigations  of  welding  by  fusion  and  resistance 
wel(!lng  of  SAP«l  were  performed  on  sheet  samples  of  thick¬ 
ness  1.5  BID,  obtained  from  preliminarily  treated  briquettes. 
We  used  hand  argon  arc  welding  with  use  of  a  flux,  spot  and 
roller  electric  welding  on  machines  of  type  MIFT-4oo  and 
NSh8hI-400. 

WELLING  BI  FUSION 

During  hand  argon  arc  welding  of  samples  from  sheet 
SAP  with  filler  material  SAP-l,  the  alloys  AMts,  AK,  AIIg6, 
B6l  oould  not  be  satisfactorily  welded  without  flux  (Fig  l). 
A  hlgft-quallty  welded  joint  was  obtained  with  use  of  filler 
wire  of  brand  AE  and  flux  AF-4A  (In  the  form  of  paste)  irtiloh 
was  coated  In  a  thin  layer  on  the  welded  edges  from  the 
treated  side  of  seam  (Fig  2). 


mnBNOT 

KPROOIKiU 


« 

5 

/' 

Fig  1.  Macrograph  of  welded  joint,  made  by  argon 


arc  weldlnn;  filler  AE. 

wmioT 

KFUmClllf 


Fig  2.  Macrograph  of  welded  joint,  made  by  argon-arc 
welding  with  flux,  filler  AE. 
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Thickness  of  material  constltued  1.5  mm,  diameter  of 
electrode  —  2.0  mm,  current  Intensity  —  60  a,  diameter 
of  filler  wire  —  3.C  i.;m,  expenditure  of  argon  —  6-7  liters/ 
minute.  ■  .  . 

The  tests  conducted  showed  (Table  l)  that  ultimate 
strength  of  welded  samples  Is  lower  than  baslo  material* 

Table  1 


Results  of  Tensile  Tests  of  Basic  Material 
and  Welded  Samples  of  SAF-1 


X 

n 

(U 

O. 

CL'% 

■?. 

1  1 

j  TeMiicp.’i-  ’ 
1  Typn 

1  nriruTa- 

1  HUH 

llpejefl  npoMHociii  j 
(*/  kF/mm^  j 

j 

f  1 

Tevinepa- 

lypa 

HciiuTa- 

HMR 

^•C 

llpCAeJI  npOMHOCTK 
KFjMM^ 

OCJIOBHOro 
Marepiia.ia  | 

1  1 

CB<ipill4X  j 
o6pa3iif)B| 

i 

OCHOBHOrO 

^Tcpnajia 

CBapHUx 

o^aauoB 

1 

i 

!  500 

13.3 

1  ** 
i 

o 

22,3 

t 

18,9  • 

'> 

1  fiOO 

14,7 

i » 

j  300^ 

21,0 

19,3 

j  ')00 

11,2 

3,4 

9 

j  300 

22.6 

20.0 

21’* 

5()0 

10,0 

5.5 

13* 

1  .300 

_  1 

11,9 

22* 

500 

— 

4. 6 

.10 

i  20 

34,6 

33,7 

2:i* 

500 

— 

7.8 

16 

20 

— 

33,7 

A 

400 

19,6  i 

13,7 

— 

— 

— 

— 

;> 

400 

14,9 

12.3 

11* 

20 

— 

17,6 

(i 

400 

13,1 

13.6 

12* 

20 

— 

16,5 

IH* 

400 

— 

10,0 

14* 

I’O 

— 

15,0 

ID* 

400 

7.4 

“  1 

— 

— 

a  -  No.  of  samples;  b  -  Temperature  of  test  0; 
c  -  Ultimate  strength  kg/mm^;  d  -  basic  material; 
e  -  welded  samples. 

Note  1.  Samples  with  the  sign  were  tested 
with  bead  removed. 

2.  At  all  temperatures  of  test  failure  was  in 
seam. 

Metellographlc  Investigations  showed  that  tl'e  struo- 
tare  of  the  basic  material  consists  of  an  aluminum  base  and 
particles  of  aluminum  oxide  (Fig  3).  On  approach  to  the 
fused  metal  the  structure  changes;  there  is  clearly  revealed 
a  grid,  at  first  thin,  and  then  consisting  of  massive  grains, 
stretched  along  the  sample  (Fig  4). 
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BUPMGNOT 

mgiKBI! 

Pig  3.  Microstructure  of  basic  SAP-1,  X500. 


Boundary  of  transition  from  basic  material  to  fused 
is  expressed  sharply,  but  a  clear  boundary  between  the  alum¬ 
inum  base  and  the  fused  metal  is  lacking  (Fig  5) •  lu  the 
aluminum-silicon  eutectic  there  are  conspicuous  inclusions 
of  aluminum  oxide,  which  probably  lead  to  the  high  tempera¬ 
ture  strength  of  the  welded  joint. 

In  Table  2  are  shown  the  mean  values  of  strength  of 
the  basic  material  SAP  (rf  =  1.5  mm)  and  welded  joints. 


CWNOT 

mouciBiE 


Pig  4.  Microstructure  of  welded  joint,  filler  AK,  XlOO. 


eMPHBMIT 

REPRoniaiu 


Fig  5.  Mlcrostruoture  of  welded  joint,  filler  AK,  Z500. 


Table  2 


CMnepaTyp.'i 

Jlx  npCMCM 

iipo'iiiocTii  4)6pa:iiu)H  it  kI 

HcnuTaiiifH  { 

(icnoBiioro 

CBapiiMX  1 

CBapHNX 

Ou 

MarepMajia 

yCMJleHMCM  1 

^  6e3  yciiaciiHfl 

20 

.3t.O  1 

33,4 

17.1 

300 

22.0 

IK. .5 

1 

12.5 

KH) 

1.5, .5 

12. r, 

K.O 

.500 

12,0 

H.  1 

j  5.K 

a  -  Temperature  of  test  C;  b  -  Ultimate  strength  of 
samples  In  kg/mm^;  c  -  basic  material;  d  -  welded 
with  bead;  e  -  welded  without  bead 


CONTACT  WELDING 

For  the  investigation  of  the  possibility  of  roller 
and  spot  welding  of  SAP-1  we  prepared  samples  of  dimensions 
110  X  220  mm  (for  roller  welding)  and  25  x  120  mm  (for 
spot  welding),  then  degreased  them,  and  the  place  of  welding 
was  cleaned  with  a  clean  steel  brush.  We  conducted  several 
experiments  for  the  purpose  of  determination  of  optimum  con¬ 
ditions  of  welding.  Welded  samples  were  subjected  to  me¬ 
chanical  and  metallograpKlfc  Investigations. 
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ROLLER  WELDING 


Roller  voiding  was  perforned  on  the  maohlne  MSQiShI*400 
using  conditions  ohown  In  Table  3< 


Table  3 


1 

'flpOAOJiKH- 

tCJIUIOCTfc 

CMpKM 

il«BJceKHe 

mm 

c. 

Cvyaeifk 

TpaHC- 

4»opMa- 

<i«»pa 

tUar 

poaKKa 

CKOpOCTI* 

caapKK 

B  AeaeHKa.x 
f  WKaau 

Urct  iHRa 

r 

1 

.  •.» 

2.0 

4 

2.9 

20 

^<Iepe6pMCTufi 

f 

.  e.M 

2.2-J.3 

4 

2.9 

21 

4>CepiiA  OTTeMOK 

3 

0.12 

3 

2.9 

20 

J  tpnaHO-cepuft 

a  -  Wo.  of  conditions;  b  -  Duration  of  welding,  sec; 

0  -  Pressure  In  atn;  d  -  Stage  of  transformer; 
e  -  Step  of  roller,  mm;  f  -  Speed  of  welding  In 
scale  divisions;  g  •  Color  of  seam;  h  -  Silvery; 

1  •  Gray  east;  j  -  Dirty-gray 

Samples  welded  by  conditions  shown  In  Table  4,  were 
subjeeted  to  meohanical  and  metallogxaphic  Investigations* 

Results  of  meohanical  tests  of  samples  of  thlokness 
1.5  mm  are  presented  In  Table  4. 

Ibtcdlographlc  Investigations  showed  that  the  micro- 
structure  of  the  welded  core  constitutes  an  aluminum  base 
with  impregnations  of  particles  of  aluminum  oxide.  In 
separate  places  there  is  no  solid  fusion,  there  are  con¬ 
spicuous  stratifications  and  scale.  This  probably  occurs 
due  to  nonuniform  preparation  of  surface  for  welding. 
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Table  A 


fs  pCA'HMa 
CSapKH 

a. 

Paapyuiaiouiec 

ycH^He 

XapaKiep  paspyuictiiiii 

520 

m 

^pea  no  may 

440 

tTO  3KC 

510 

1 

500 

490 

m 

; 

500 

570 

•  t 

&U) 

fPaapUB  no  aoHc  lepMMqccKoro  bjikriimsi 

620 

CTo  a:e 

• 

670 

1 

? 

m 

1 

620 

^pc3  no  may 

590 

6.  To  ace 

620 

J^PaapuB  no  aoue  tepMiiMccKoro  a.iitfliiitscocpc- 

30S1 

610 

f  PaspuB  no  30116  repMinecKoro  ajiHRHHfi 

500 

dCpe3  no  oisy 

490 

tXo  xe 

460 

3 

480 

• 

570 

480 

•  .  •  . 

385 

• 

a  -  No.  of  condition  of  welding;  b  -  Rupture  force, 
kg;  c  -  Character  of  failure;  d  -  Shear  along  seam; 
e  -  the  same;  f  -  Tensile  in  zone  of  thermal  in¬ 
fluence;  g  -  Tensile  in  zone  of  thermal  influence 
with  shearing. 

GRAPHIC  NOT 

nmicBLE 

Pig  6.  Macrograph  of  welded  sample  made  by  roller 
lectric  welding. 
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fig  7.  Niorostruoture  of  welded  sample  made  Yif 
roller  electric  welding,  UOO. 


Fig  8.  Microstructure  of  welded  sample  made  bj 
roller  electric  welding,  Z500. 

Results  of  metallographlc  investigations  are  shown 
on  ng  6,7, B  and  in  Table  5* 

Table  5 


M  pexmm 

^  CMPKII 

UjHpMHI  SIApa 

fayOHHa  nponaaBJieHHN 
C.  * 

1 

11,0 

66,0 

2 

8,5 

60,0 

3 

13.0 

66,0 

a  -  Ho.  of  condition  of  welding;  b  -  Width  of  core,  m; 
0  •  Depth  of  melting 
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Samples  welded  under  optimum  conditions  (conditions 
2)  were  subjected  to  mechanical  tests  at  temperatures  of 
300,  400  and  5000  (Table  6). 

Table  6 


'  TeMfiepa- 
*  typa 

ftcniriraHHq 

CU  •€ 

npCAea 

npOMHOCTK 

XapaKTcp  paapyiucHHfl 

22.6 

^aapUB  nor'  3omc  repMiiiecKoro  BaniiHHii 

20 

24.2 

tTo  JKC 

19.8 

fCpca  no  T04Ke 

■- 

20.7 

dlPaapMB  no  aonc  lepiiHHccKoro  BaniiHHii 

’  •  • 

14.9 

dPaapuB  no  aoiic  TepiiitqccKoro  BaitaHiiii 

17.3 

CTo  Jit 

300 

12.3 

m 

18.2 

• 

14.9 

ctpa3pt4B  no  30ifc  TepMimccKoro  BaitRintR 

400 

‘  10.0 

CTo  Jit 

13,7 

• 

14.8 

m 

9,3 

^aapbiB  no  spue  TepMiinecKoro  BaitaiiHR 

9.8 

Wo  JKC 

500 

15.2 

• 

9.7  , 

m 

16.5 

m 

a  -  Temperature  of  test  0;  b  -  Ultimate  strength  hg/mm  ; 
c  -  Character  of  failure;  d  -  Tensile  along  zone  of 
thermal  influence;  e  -  The  same;  f  -  Shear  along  spot 
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SPOT  WELDING 

Spot  welding  of  sample  was  performed  on  the  machine 
MIPI>400  using  conditions  shown  In  Table  7* 

Table  7 


A*  M 

pesKiuia 

cnpKH 

^ - 

n^AOJIllCH* 

TeXbllOCTfc 

CUpKH 

tuc 

BpeMR 

RkMIOMeittlSI 

AOflO.IHII- 

Te.ibHoro 

Hunyakca 

ttK 

Bftku  3a- 
nasAMBaHiiii 
KOBKH  B  Ae- 
aeiiiiRX 
oiKaay 

%[aB.ieMiie  b  «m 

FcryneMb 

tpaHCf^op- 

MaTopa 

Po 

Pi 

P2 

1 

O.IS 

0.06 

0.8 

I.I 

I.O 

4 

2 

0.16 

0.08 

7 

0.8 

0.8 

0*8 

It 

3 

0.16 

0.08 

7 

0.8 

0.8 

0.7 

10 

a  -  No.  of  condition  of  welding;  b  -  Duration  of  weld¬ 
ing  seo;  c  -  Time  of  additional  Impulse,  seo;  d  -  Time 
lag  of  forging  In  scale  divisions;  e  -  Pressure  In 
atm;  f  -  Step  of  transformer. 

Note:  Table  7  Is  In  abbreviated  form  and  presents 
only  the  basic  parameters  of  the  conditions  of  welding* 

The  welded  samples  were  subjected  to  mechanical  and 
metallographlc  tests.  Results  of  mechanical  tests  of  sam¬ 
ples  of  thickness  1.5  mm  at  20C  are  presented  In  Table  8* 


TaMe  8 


PeacHM 
_  CBapKII 

Paspyuianmee 

yciwiie 

1  ^ 

.XapaKTcp  paapyuieiiHR 

175 

clcpc3  no  TO'IKf 

1 

r)H0 

^To  *c 

575 

’pPajpuB  no  30iic  Tepmi'iccKoro  B.iitHiiiiH 

130 

^Lcpea  no  iomkc 

2 

470 

6To  Me 

505 

pPajpuB  no  3oiic  TepiiH':ccKoro  BJiifMiiiiM 

425 

^pe3  no  TOMKe 

3 

465 

€»To  mc 

430 

m 

a  -  Condition  of  welding;  b  -  Rupture  force  kg;  c  - 
Character  of  failure;  d  -  Shear  In  spot;  e  -  The  same; 
f  -  Tensile  along  zone  of  thermal  Influence. 
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Metallographic  Investigations  showed  that  the  micro¬ 
structure  of  the  welded  spot  consists  of  an  aluminum  base 
and  particles  of  aluminum  oxide.  Along  the  edge  of  the 
spot  there  are  conspicuous  weakly  etching  fields,  consti¬ 
tuting  the  aluminum  base  with  a  smaller  content  of  aluminum 
oxide  than  in  the  basic  material.  On  some  sections  of  seam 
(spots)  there  are  regions  of  nonfusion  of  the  material. 


aUPHCWT 
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Pig  9.  Macrograph  of  welded  spots 


GRAPHIC  NOT 
REPRODUCIBLE 


i-  ♦ 
< 


Fig  10.  Microstructure  cf  welded  spot,  X500 

Results  of  metallographic  investigations  are  shown 
on  Pig  9,10  and  are  given  in  Table  9. 

Table  9 


^  pCA'HMa 
ChapKH 


ilHaMCTp  tOMKM 

4, 


rjf3*6lll!a  [jpOflMKHOBeHKM 


'Ilf 


No.  of  condition  of  welding;  b  -  Diameter  of  spot, 
c  -  Depth  of  penetration  %. 


Gone  lusl  0118 


1.  It  was  determined  that  argon  arc  welding  of 
SiP-1  with  application  of  flux  ▲F-4A  le  possible  with  the 
use  of  hlgh-temperature  annealing  of  briquettes* 

2.  Strength  of  welded  joints  constitutes  of 
the  strength  of  basic  material  at  rocm  temperature  and  70j( 
at  a  temperature  of  5000. 

3.  Roller  and  spot  welding  of  SiP*l  Is  possible  also. 

4.  Strength  of  welded  joints  made  by  spot  welding 
Is  fully  satisfactory  and  Is  not  less  than  the  strength  of 
welded  joints  of  the  high-strength  aluminum  alloys  of  type 
1)194.T,  1)201-1,  1IL61-I. 
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ROLLING  0?  SHEET  MATERIAL  DIREOTLY  PROM  ALOMIHUM  POWDER 

V.A.  Onoprienko,  V.G.  Ehromov, 

L,S.  Romanova,  G.P.  Tlkhosiov 

(In  this  work  participated  N.N.  Kashirin,  N.A.  Halekhamov, 
M,A.  Moiseev,  E.A.  Petrov,  B.A.  Borok,  A.P.  Kalin,  A.H, 
Potapov) 

(p  119  of  source) 

In  Soviet  and  foreign  literature  there  have  been 
published  several  articles  on  questions  pertaining  to  rol¬ 
ling  of  powders  of  the  ferrous  and  nonferrous  metals.  Re¬ 
garding,  however,  the  technology  of  manufacture  of  sheet 
material  by  direct  rolling  of  aluminum  powder  (with  content 
to  9-10^  of  aluminum  oxide),  neither  in  foreign  or  Soviet 
literature  is  there  information. 

The  object  of  our  study  was  the  investigation  of  con¬ 
ditions  of  manufacture  of  sheet  material  from  SAP  by  roll¬ 
ing  of  powder  of  brand  APS  and  clarification  of  the  fundamen¬ 
tal  possibility  and  expediency  of  obtaining  it  by  this  method. 


Pig  1.  Diagrsun  of  vertical  rolling  of  powder. 

1)  bunker,  2)  pov/der,  3)  rollers,  4)  tape. 

Rolling  of  the  powder  constitutes  the  process  of 
continuous  pressing  by  two  rollers  of  a  rolling  mill  revol¬ 
ving  in  opposite  directions.  Rolling  of  powder  can  be  per¬ 
formed  with  horizontal  (Pig  l),  or  other  positions  of  rol¬ 
lers.  For  creation  above  the  rollers  of  a  column  of  powder 
of  comparatively  constant  section  and  height  we  use  a  bunker 
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(8«e  He  1).  fore«d  supply  of  posdsr  to  the  rollers  pro¬ 
motes  of  quality  of  rolled  from  powtsr. 

Boilers  hare  to  hare  a  mooth  working  surfaos  sad  flanges 
(Hg  2).  Bolling  of  powder  ooours  on  Uie  defomMttion  sso- 
tibn  dstemijnMI  by  the  angle  of  oaptare  ir(see  l|,  and 
is  finlshi^  with  exit  of  tape  or  sheet  from  gmp  between 
^e  two  rollen. 

fo  deorease  or  increase  the  angle  of  oapture  m  use 
a  baffle  (Hg  3)  that  allows  a  corresponding  ohange  of 
thioteess  of  the  rolled  tapes* 

iluninun  powder  used  for  manufacture  of  sheet  ma¬ 
terial  (tape*  edieet),  should  hare  good  reliability ,  which 
depends  on  bulk  weight,  looseness,  form  of  partieles,  dis- 
persivenese  and  other  factors.  Bulk  weight  of  powder  de¬ 
termines  thiokness  and  desnity  of  the  rolled  tape  or  idieet. 
Other  being  equal  ^e  thickness  of  tape  is  directly 

proportional  to  bulk  weight*  Looseness  of  powder  gires  we 
possibility  of  judging  about  the  permissible  speed  of  roll¬ 
ing*  Powder  with  partieles  of  spherical  form  cannot  be  rolled 
fully  satiefaotorily.  Powder  with  particles  of  flake  form 
is  rolled  well* 


fig  2,  Diagram  of  rollers  with  flanges,  D],  and 
are  diameters  of  rollers* 


Pig  3.  Diagram  of  rollers  with  Daffle. 

1)  baffle,  2)  bunker,  3)  rollers,  4)  tape,  5)  powder 

During  our  work  we  used  aluminum  powder  of  brand  APS 
with  various  content  of  aluminiaa  oxide  H —  unannealed 
powder:  0— annealed  powder:  lot  No  13—H  i  13"0 

{9.9-10.15«);  14-H  (7%);  14-0  (9.3$);  21-0(10.5$)  and  pul- 

verizate  (1,5-2, 5$;.  >  ,  ,  , 

On  Pig  4  are  shown  particles  of  powder:  original 
nonseparated  (a)  and  separated  by  fractions  (b),  while 
Table  1  gives  chemical  analysis,  b^lk  weight  and  screen 
composition  by  fractions. 

On  Pig  5  are  shown  p'.rf  'es  of  nonseparated  powder 
(a)  (the  same  fractions  as  ')  In  the  field  of  view 

of  a  microscope.  Large  dlfferanct  In  magnitude  of  particles 
of  nowder  can  lead  to  a  condition  in  which  on  the  surface  ■ 
of  tape  rolled  from  such  powder  there  are  formed  cracks  due 
to  heterogeneity  of  deformation  of  particles  of  powder  of 
large  and  small  dimensions. 

Por  detsimilnatlon  of  influence  of  oils  contained  in 
the  Dowder  on  rollabillty  we  used  unannealed  powder  and 
powder  annealed  in  a  vacuum  (10  mm  mercury  column)  at  5000 
for  3  hours. 


MR  NOT 
mRIBLE 

Pig  4.  Particles  of  separated  powder  (a)  and  non¬ 
separated  (b,c,d, e,f ,g,h,i, J,k) . 
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The  process  of  rolling  is  in  its  physical  nature 
considered  close  to  pressing,  therefore  for  an  indirect 
appraisal  of  reliability  of  powder  and  its  compacting  we 
studied  the  dependency  of  density  of  pressing  of  samples 
on  the  specific  pressure  of  pressing. 


Pig  5.  Particles  of  powder  of  various  dlsper- 
slveness,  X40. 

a  -  nonseparated  powder,  b  -  fraction + 1.0, 
c  -  fraction  f-0. 2,  d  -  fraction  —  0.05. 

Pressing  from  powder  of  brand  APS  (annealed  and  un- 
anr,ealed)  of  cylindrical  samples  of  diameter  16  mm  was  per¬ 
formed  in  a  press-form  at  specific  pressure  2, 4, 6, 8  T/cm2, 
then  we  measured  the  density  and  hardness  of  samples  (Fig 

6,7). 

It  was  established  that  with  a  decrease  of  dimension 
of  particles  of  powder  the  density  is  increased;  with  in¬ 
crease  of  pressure  the  density  and  hardness  are  Increased, 
vacuum  annealing  of  powder  in  this  case  does  not  affect 
density  and  hardness  of  pressed  samples.  These  results 
made  it  possible  to  draw  a  preliminary  conclusion  concerning 
fitness  of  such  powder  for  rolling  of  tape.  Rolling  of  tape 
from  powder  was  done  on  three  rolling  mills  having  the  fol¬ 
lowing  characteristics  (Table  1). 
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Pig  6,  Influence  of  pressure  on  density  of  un¬ 
annealed  (l)  and  annealed  (2)  powder, 

a  -  Density  in  g/cm3;  b  -  Pressure  in  T/cin^^ 


HB 


Pig  7.  Influence  of  pressure  on  hardness  of  un¬ 
annealed  (l)  and  annealed  (2)  powder. 

a  -  Pressure  in  T/cm2, 
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ROLLING  FROM  SAP  OF  TAPE  STOCK 


After  preliminary  experimental  rolling  of  aluminum 
powder  on  mill  No  1  the  basic  experiments  were  conducted 
on  mill  No  2.  On  rollers  without  flanges  we  managed  to 
roll  into  tape  only  the  initial  powder  and  powders  of  frac¬ 
tion  from  1  to  0.63  mm,  from  0.63  to  0.4  mm.  In  rolling  of 
powder  of  the  remaining  fractions  there  occurred  strong 
spilling.  However,  on  the  obtained  tapes  there  was  a  large 
quantity  of  transverse  cracks  (throued^  and  along  edges  of 
tapes). 

In  connection  with  this,  further  rolling  of  powders 
was  conducted  on  rollers  with  flanges,  where  we  managed 
to  obtain  tape  from  all  foms  of  powder.  Theoretical 
analysis  of  the  influence  of  flanges  on  rolling  of  powder 
into  tape  is  given  in  the  works  of  G.I.  Aksenov  and  A.M, 
Nikolaev  (6.1.  Aksenov,  Rolling  of  Metallic  Powders  into 
Tape,  Collection,  "Powder  Metallurgy".  MetalliU'gy  Publish¬ 
ing  House,  1954.  A.N.  Nikolaev,  Rolling  of  Metallic  Pow¬ 
ders.  Izvestia  of  Higher  School.  Ferrous  Metallurgy.  1958, 
No  2) .  Near  the  movable  flanges  the  angle  of  capture  be¬ 
comes  larger  than  In  the  middle  of  rollers.  Entering  of 
powder  into  the  region  of  deformation  also  is  facilitated 
thanks  to  the  presence  of  the  moving  metallic  surfaces 
(flanges).  In  connection  with  this  the  edge  of  the  tape 
becomes  more  dense. 

During  rolling  of  tapes  with  dense  edges  significant 
difficulties  appear  In  extraction  of  tapes  from  flanges. 
During  cold  rolling  of  such  tapes  (from  powder  of  various 
fractions)  the  tape  was  wedged  In  the  flanges  —  it  wound 
itself  around  the  roller. 

Rolling  of  powder  heated  to  300-3500  significantly 
strengthens  the  tapes  obtained.  Heating  of  powder  higher 
than  3500  leads  to  sintering  of  its  particles,  therefore 
tapes  are  obtained  with  sharply  expressed  nouuniform  den¬ 
sity  and  cracks. 

On  tapes  rolled  from  nonseparated  unheated  powder 
(In  state  of  delivery),  there  were  conspicuous  longitudinal 
and  transverse  cracks,  since  the  powder  consists  of  par¬ 
ticles  of  various  dimension. 

While  the  average  bulk  weight  of  nonseparated  pow¬ 
der  Is  equal  to  1.39  g/cm3,  the  bulk  weight  of  components 
of  Its  fractions  changes  from  1.19  (big  fractions)  to 
0.77  g/cm3  small  fractions).  Therefore  we  subsequently 
used  only  powder  separated  fractions.  On  tapes  prepared 
from  powder  of  big  fractions  (remainder  on  sieves  -f  1; 

■f  0.63; f 0.4)  there  appeared  cracks  —  longitudinal  and 
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transverse.  Froa  ponder  of  the  reaalnli^  fraotions  we  olN> 
talned  tape  without  oraeks  with  ualfom  deaal^  and 
factory  strength,  fh  obtained  tapes  of  dlfferMit  (NMttf  » 
fron  2.0  to  2.4  g/on^.  httenpts  to  roll  of  iln^ 
slty  ended  In  failure.  On  these  tapes  tiMX*e  here  fornid 
longitudinal  and  transverse  oraeks.  To  avoid  the  sppiiiaaee 
of  surface  oraoks  on  tapes  rolled  fron  poWter  of  lim 
fractions,  one  should  deerease  the  thltiowss  of  tnp#n,  id- 
creasing  by  baffle  the  angle  of  em>t«a«  of  lOw  piMiMr. 

ie  conducted  ezperlnents  on  roiling  of  nottsiiit^sd 
and  separated  powders  with  various  positions  of  btflls  late 
tapes  of  thickness  1.2,  1.5,  1.7,  2.0,  2.4,  2.8  m  and 
width  ISO  and  300  nm.  Tapes  of  satlsfaetocy  quality  were 
obtained  fron  powders  of  following  fractions t  0.4, 0,314, 

f  0.2, 0.16.  The  external  appearance  of  good  tapes  Is  teown 
on  Fig  8. 

On  the  basis  of  data  obtained  during  rolling  of  pow¬ 
der  of  lots  14  H,  14 ->0  cmd  pulverlzate  we  plotted  the 
dependency  of  thickness  of  tape  on  bulk  weight  of  powder 
(Fig  9)*  Since  the  density  of  rolled  tapes  varied  |M  took  a 
thickness,  reduced  to  the  same  dwisity  ^  2.4  j8/o||3. 


Fig  8.  Raw  tape  stock  rolled  fren  Sif . 


Fig  9.  Influence  of  bulk  weight  of  powder  on  thick¬ 
ness  of  tape,  a  -  Thickness  In  an;  b  -  Bulk  weight  In  g/oa^; 
e  -  powder:  d  -  pulverlzate. 


H07  RQLLIIG  or  lULW  TAPES 


PrellBlnsrilr  oonduoted  •i;perla«nt8  of  test  rolling 
of  rmw  tapes  both  In  the  oold,  and  In  the  hot  state,  and 
also  In  the  oold  state  prellnlnarp  annealing  showed 
the  expedlencj  of  applloatlon  (In  our  oondltlons  of  woxic) 
of  hot  rolling.  The  nunber  of  passes  per  hot  rolling  and 
■agnltude  of  reduction  per  pass  were  different. 

Hot  rolling  of  raw  tapes  of  thlokness  1.2,  1.5,  1*7» 
2.0,  2.4  Ml  to  thicknesses  of  1.0-0.50  mi  and  less  was  con¬ 
ducted  for  the  purpose  of  detemlnation  of  strength  oharae- 
teristios  of  oompaoted  tapes  prepared  in  this  way.  Ve  rolled 
raw  tapes  on  a  two-roll  rolling  mill  with  dianeter  of  rollers 
300  Ml  and  length  of  barrel  350  nn  with  rotation  of  rollers 
with  a  speed  of  22  rpn. 

For  hot  rolling  of  raw  tapes  of  abowsHientloned  thick¬ 
nesses  we  out  the  stock  —  sheet  of  length  fron  200  to  500 
an,  width  150  and  300  nm,  thickness  1. 5-1.7  an.  Such  stock 
with  cutoff  lateral  edges  (on. the  average  10-15  aa  to  the 
side)  were  heated  in  an  electric  resistance  furnace  in  air 
atoaosphere  and  rolled  to  small  dimensions.  Lubricant  of 
rollers  was  not  used. 

On  the  working  surface  of  the  rollers  there  remained 
particles  of  powder  that  led  to  the  formation  on  the  rolled 
taj^es  of  defects  In  the  form  of  dents,  throujdi  holes  or 
tears. 

lonetheless  the  experiments  conducted  on  hot  rolling 
of  raw  tape  stock  obtained  directly  from  aluminum  powder 
showed  the  possibility  of  forming  of  comparatively  compact 
sheet  material. 


COLL  ROLLING 

Prom  part  of  the  tapes,  rolled  in  the  hot  state,  we 
out  samples  for  determination  of  mechanical  properties, 
density  and  porosity.  The  remaining  part  of  the  tapes  was 
rolled  to  thicknesses  of  0.15,  0.11,  0.06  nm.  Oold  rolling 
was  done  on  a  four-high  mill,  surface  of  mill  was  lubricated 
by  aachlne  oil. 

Some  of  the  tapes  (foil)  rolled  in  the  cold  state 
without  defects  (with  satisfactory  surface  and  edges)  are 
shown  on  Pig  10. 

Following  is  a  typical  scheme  of  the  experimental 
technology  of  mamufacture  (in  laboratory  conditions)  of 
tapes  (foil)  froB  aluminum  powder: 

I.  Heating  of  powder  300-3200  for  30  min  in  electric 
resistance  furnace  (in  air  atmosphere). 
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?ig  10.  Samples  of  tajpes  (foil)  after  cold  ivlllBg. 


II.  Hot  rolling  froa  aluminum  powder  heated  to  300- 
3200  of  tape-stock  of  thickness  2  mm  on  rolling  mill  with 
horizontal  location  of  rollers  of  diameter  180  mm  with 
length  of  barrel  330  mm  with  speed  of  rotation  of  rollers 
3  rpm. 

III.  Cutting  of  edges  of  tape-stock  by  10  am  to  the 

side. 

IT.  Heating  of  tape-stock  at  480-5000  for  40  min  In 
electric  reslstanoe  furnace  (air  atmosphere). 

7.  Hot  rolling  of  heated  tape-stock  from  thickness 
2  mm  to  thickness  0.5  am  with  relative  reduction  per  pass 
equal  to  10-12)C.  After  every  three  passes  heating  to  480- 
5000. 

VI.  Cutting  of  edges  of  tapes. 

VII.  Cold  rolling  of  tapes  from  thickness  0.5  mm  to 
thickness  0.05  mm  with  relative  reduction  10-16^  per  pass. 

VIII.  Cutting  of  edges  of  foil. 

For  introduction  into  production  of  the  method  of 
manufacture  of  tape  and  foil  by  rolling  of  aluminum  powder. 
It  Is  necessary  to  apply  the  more  economic  (as  compared  to 
sheet)  ribbon  method  of  coll  rolling. 

For  the  transition  to  coil  rolling,  In  connection 
with  the  difficulty  of  colling  of  tape-stock  of  thickness 
near  2  mm,  we  should  roll  from  aluminum  powder  tape-stock 
of  thickness  1  mm.  This  will  facilitate  the  process  of 
colllnfi  &ad  will  reduce  the  number  of  operations  (elimin¬ 
ates  th'e  necessity  of  heating  and  hot  rolling  of  tapes  from 
thickness  of  2  mm  to  thickness  of  1  mm). 

Besides  we  should  consider  that  with  coll  rolling 
In  factory  conditions,  the  number  of  operations  (heatings 
and  passes)  will  be  less  than  during  the  sheet  method  of 
rolling  In  laboratory  conditions. 
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In  order  to  clarify  the  Influence  of  preliminary 
heating  of  the  powder  on  properties,  we  rolled  several 
tapes,  and  the  stock  obtained  from  them  was  rolled  in  hot 
and  cold  state  into  foil.  In  properties  of  tapes  prepared 
trook  heated  and  cold  powder  there  is  not  observed  any  great 
difference. 

Beating  of  the  powder  in  an  atmosphere  of  nitrogen, 
apparently  worsens  the  properties  of  the  tapes.  For  these 
tapes,  obtained  both  in  hot,  and  in  cold  state,  large 
fragility  is  oharaoteristlo. 

Ibehanieal  properties  of  tapes  prepared  from  powder 
heated  in  an  atmosidiere  of  nitrogen  are  significantly  worse 
than  tapes  obtained  from  powders  preliminarily  heated  in 
an  air  atmosphere  and  rolled  in  the  cold  state.  Strength 
of  tapes  obtained  by  hot  rolling  of  aluminum  powder  is 
higher  than  tapes  rolled  from  ui^eated  powder  and  this  is 
important  during  transportation. 

NEOHiNICAL  PROPERTIES  OF  TAPES 

Ultimate  strengths  of  tapes  of  thickness  0.5‘*0.1  am 
(on  the  average)  are  equal  to  3^-40  kg/nm^.  Ultimate 
strength  of  rolled  foil  of  thickness  0.06  am  at  200  consti¬ 
tuted  36-42  kg/aa^,  and  at  4800  was  7-9  kg/ma^, 

INFLUENCE  OF  DEGREE  OF  DEFORMATION  ON  MECRAN- 
lOAL  PROPERTIES  OF  SHEET  MATERIAL  OB¬ 
TAINED  BT  ROLLING  UNHEATED  PO'riDER 

To  establish  the  Influence  of  initial  size  of  part¬ 
icles  on  properties  for  the  same  degrees  of  reduction  we 
investigated  tapes  obtained  by  rolling  of  powder  of  lot 
14-B  of  fractions +  0.16  and +  0.315. 

Tapes  of  thickness  1  mm  were  annealed  at  480-50QC 
for  30  min,  after  which  they  had  a  density  of  2.7  g/om'. 

Froi thickness  1  am  the  tapes  were  rolled  in  the  cold  state 
to  thicknesses  0.9,  0.8,  0.7,  0.6,  0.5,  0.4  aua,  i.e.  de¬ 
gress  of  defomatlon  were  10,  20,  30,  40,  50,  60%,  Samples 
of  tapes  rolled  with  various  degree  of  deformation  were 
tested  in  tension.  Results  of  tests  are  presented  on  Fig  11. 

From  Fig  11  and  Table  2  it  is  clear  that  the  density 
of  cold-rolled  tapes  obtained  with  degree  of  reduction  of 
10,  20,  30,  40,  50)(  in  this  case  is  not  changed;  hardness 
and  ultimate  strength  are  increased  with  increase  of  per¬ 
cent  of  reduction;  with  decrease  of  dispersiveness  of 
initial  powder  the  ultimate  strength  is  increased. 
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Table  2 


^  Crenciib  lediopMaui'.H 

^  % 

1 

10 

20 

30 

40 

50 

60 

4i.i6 

niioTMOCTb  (L 

2.71 

2.71 

2.70 

2.70 

2.71 

2.6r» 

TBepAOCTb 

127 

133 

i.J5 

135 

134 

125 

lUOTUOCTb 

2.7 

2.7 

2.7 

2.70 

2.71 

2.66 

'S^BCpAOCTb  flA. 

126 

iai.5 

134,.^ 

136 

137.5 

129 

a  -  Degree  of  deformation  ji;  b  -  Fraction;  c  -  density; 
d  •>  hardness. 

The  decrease  of  ultimate  strength,  hardness  and 
density  during  deformation  of  tapes  by  60%  occurs,  apparent¬ 
ly,  from  the  surface  micro-cracks. 


INFLUENCE  OF  ANNEALING  ON  MECHANICAL  FHOFERTIES 

Samples  of  tape  rolled  In  the  cold  state  with  a  de¬ 
gree  of  deformation  of  50%  were  annealed  at  temperatures 
of  300,  400,  500,  600C  for  3  hours  in  a  vacuum  of  10  mm 
mercury  column.  Results  of  determination  of  ultimate  strength 
and  hardness  of  annealed  samples  are  shown  in  Fig  12,13* 

Strength  of  tape  noticeably  decreases  at  a  temperature 
of  annealing  higher  than  500C  (at  500  =  36,5  kg/mm2,  at 

600^=  33.5  kg/mm2)  which,  apparently.  Is  connected  with 
recrystallization;  this  is  confirmed  by  Fig  14. 


Fig  11.  Influence  of  degree  of  deformation  and  di¬ 
mension  of  particles  of  powder  on  ultimate  strength  of  tape, 
a  -  Degree  of  deformation  in  %. 
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Pig  12.  Influence  of  temperature  of  aumeallng 
on  ultimate  strength  of  tape. 


Pig  13.  Influence  of  temperature  of  annealing 
on  hardness  of  tape. 


emKNrr 

REPmounm 


Wg  14.  Z^ray  photograph  of  tape  anneaded  at 
SOOO. 

Oonoluslons 

1.  This  work  experlmetally  proves  the  possibility 
of  manufacture  of  sheet  material  of  tapes-foll  from  SAP 
by  the  method  of  rolling  of  powder. 

2.  In  the  given  conditions  of  rolling  for  obtaining 

of  hlgh~<iuallty  sheet  material  it  Is  necessary  to  use  de¬ 
finite  fractions  of  separated  powder  of  brud  APS  —  0.4;  . 

#•  0.315;  —  0.315;-#-0.2;  —  0.2;+ 0.16.  This  Is  more 
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efficient  as  compared  to  rolling  of  unseparated  ponder* 

3*  Rolling  can  be  conducted  botli  In  oold  and  hot 
states  (at  300-3200).  Tapes  rolled  from  heated  pouter  hare 
higher  strength  than  from  nonheated,  therefore  it  is  ex¬ 
pedient  to  conduct  rolling  of  ponder  in  the  heated  state* 

4.  Ve  developed  the  fundmental  sobeme  of  ^  teOh- 
nologj  of  manufacture  froa  SIR  sheet  material  of  teipes  and 
foil  bj  the  method  of  rolling* 

5.  We  prepared  development  samples  of  sheet  material 
of  thickness  from  1  to  0.05  an* 

6.  We  determined  the  Influence  of  degree  of  deforma¬ 
tion  on  ultimate  strength,  and  also  density  and  hardness; 

at  a  degree  of  deformation  higher  than  SOp  ve  observed  lower¬ 
ing  of  these  properties* 

To  Ultimate  strength  of  sheet  material  after  hot  and 
cold  rolling  at  20C  coas^uted  42  kg/nm^  and  at  4800  was 
7-9  kg/nm2. 


iHISOTBOPT  01  PSOPSBtlBS  OP  SAP  SORIHO  HOT  BOKLIlO 

(p  130  of  soure*) 

7. A.  81i«lamoT,  P.V.  aituNtTloiT 

(this  voric  WM  ooadttotsd  in  the  O^t.  of  Pressure 
Voxleliig  of  Metals  jf  Nosoow  irlatioii  Teohnol(i«7 
lastitate.  Solsb-tiU’lo  leaOsr  was  Honored  Woxlnr 
of  Belesee  «sA  fsohnologp  Professor  Bootor  of  Te<Mi* 
Soleaoes  I.li.  Perlla). 


This  wozic  sms  conducted  for  the  purpose  of  study  of 
Influenoe  of  annealing  of  stock  and  direction  of  rolling  on 
unlfomltr  of  dlstrlhutlon  of  neohanloal  properties  In  hot- 
rolled  Stf.  Vs  Inrestlj^ted  the  teohnologlosl  proosss  of 
obtaining  of  sheets  fron  pressed  stook  of  SAP  of  seotlon 
12  X  5  100  am  with  content  of  7»5^»0J(  Bolling 

(A.I.  Ktarsov,  S.Z.  N^fllor*  7*A.  Shelanor,  Ooll.  "HIA- 


)oron^s,  l< 

aislaasr,  Ooll.  — - - 

fiiidf  fndFr  Oborongis.  196I).  ^la,:  _ 

Pronartlae  of  Metals.  Oboronglz,  1962))  was  oonduoted  to 
dUieasloa  of  3  x  100  ms  on  a  duo  alll  ulth  rollers  of 
dioaeter  350  an  and  length  of  barrel  500  hi.  Speed  of  rol¬ 
ling  constituted  0.3  a/seO.  teaperature  450-4700,  total  de¬ 
gree  of  defoxaatlon  75Jtt  reduction  per  passage  was  12-25M* 
miets  were  rolled  lengthwise  and  aoross  axis  of 
pressing.  Part  of  billets  before  rolling  were  annealed  at 
4500  for  48  hours. 

Inrestlgatlon  of  properties  was  conducted  at  rooa 
teaperature  according  to  aethod  of  Bojtaan— Prldaan  on 
aloro-saaples  of  dlaaeter  1.2  aa  with  ^ge  length  5.8  am, 
Saaples  were  out  fron  tlie  rolled  sheets  after  erery 
pass.  Olagraa  of  cutting  is  shown  In  Pig  1.  At  erery  point 
we  tested  four  saaples. 

As  a  result  of  the  work  conducted  we  obtained  a 
series  of  Indicator  stress-strain  dlagraas  p  <— >il).  The 
oharaoter  of  ourres  obtained  does  not  depend  on  degree  of 
defomatlon  during  rolling  or  direction  of  rolling.  On 
the  ourres^  areas  of  plasticity  alaost  ooapletely  absent. 

On  Pig  2  are  shown  characteristic  Indicator  dlagraas  p  «/kl, 
obtained  during  tension  of  saaples  out  froa  stock  and  sheet 
during  the  teohnologlosl  process. 
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Onrlag  the  aiMljsls  of  wotaynieia  of 

rolled  8Af  It  le  r«fiid«d  tUftt  'iliM  Onlirlmif  of  |iV9|fi|^lMl 
in  longlttsdlael  a&d  tranvrerse  diredtioill  M  foi* 

the  periphery  and  tho  oenter  of  ^  Mliit  ttOf 

depend  on  Initial  direotion  of  rollings 


Pig  1. 


Dlagzaa  of  cutting  of  eaiqplea  fron 
hot-rolled  sheets. 


a  -  Direotion  of  rolling 

Vith  increase  of  total  reduotion  the  ultioate  strength 
changes  insignificantly.  On  Tig  3  ore  shown  ouxrss  of  dO- 
pendency  on  degree  of  defomation  during  rolling  of  ultinate 
strength  of  transverse  and  longitudinal  saaples  of  lAeetS 
without  prelisinary  annealing  of  the  pressed  billet  (Tig  3ta) 
and  with  prelininary  annealing  (fig  3»b). 

Ultimate  strength  drops  with  increase  of  degree  of 
deformation  to  45-50f,  and  thn^  with  fur^er  Inorease,  in- 
oreases.  This  may  be  explained  by  the  therms  sffsot  during 
deformation  of  Sir.  During  deformation  to  50)»  influenoe 
of  the  thermal  effect  is  most  notiosable*  with  further  in¬ 
crease  of  degree  of  deformation  it  osases  to  show  up. 

Ultimate  strength  of  transverse  samples  is  10><12p 
higher  than  longitudinal.  Tor  the  majority  of  metals  and 
alloys,  conversely  the  properties  of  longitudinal  samples 
are  higher  than  transverse.  SAP.  in  distinotion  from  the 
usual  deformable  aluminum  alloys  is  oharaoterissd  by  the 
itict  that  during  defoxnatiotty along  with  tiis  etrsngttsning; 
there  occurs  iplitting  of  the  partiolss  of  aluminum  oxide, 
present  in  large  quantities  in  the  miorovolums  of  alumiiMit 
and  subsequent  foxmation  of  texture. 

Splitting  of  particles,  ooourring  chiefly  along  the 
rolling  direotion.  deoreases  the  effect  of  hardening  la  this 
direotion,  therefore  properties  of  transverse  saaples  are 
higher  than  longitudinal. 


mi 
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f  6  ‘  j 

Pig  2.  Characteristic  indicator  dlagims  p  —^1, 
obtained  during  tension  of  samples, 
a  -  pressed  billet,  b  -  rolling  lengthwise  with  degree 
of  deformation  per  pass  25i,  after  50}6  total  deformation, 
c  -  the  same,  after  75J^  total  deformation,  d  -  rolling 
lengthwise  with  degree  of  deformation  per  pass  15fS,  after 
50j{  total  deformation,  e  -  the  ssune,  after  7556  total 
deformation,  f  -  the  same,  rolling  across,  g  -  rolling 
lengthwise  with  degree  of  deformation  per  pass  1256, 
after  2556  total  deformation,  h  -  the  same,  rolling 
across,  1  -  the  same,  rolling  lengthwise  after  75^ 
total  deformation,  j  •  the  same,  rolling  across. 


furthermore  there  Is  a  noticeable  Influence  of 
annealing  on  the  value c^.  For  unannealed  material  (Fig  3, a) 
properties  follow  a  broken  line.  In  second  case  (Fig  3,b) 
diffusion  processes  occurring  as  a  result  of  annealing 
somewhat  stabilize  the  properties  and  they  follow  a  smooth 
curve. 

Yield  point  dS.u  Is  changed  depending  upon  degree  of 
defon  ation  during  hot  rolling  Just  as  Besides  there 

Is  a  marked  equalizing  action  of  annealing  on  the  change 
of  with  Increase  of  total  d-formatlon  (Fig  4, a). 
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c.  OttenM  iifapMOum  t  X 

Pig  3.  Change  of  (Tb  depending  upon  degree  of  def¬ 
ormation  during  rolling  of  pressed  stock  without  annealing 
(a)  and  after  annealing  (b). 

a  -  Transverse;  b  -  Longitudinal;  c  -  Degree  of  def¬ 
ormation  in 


Elongation  (Pig  4,b)  and  narrowing  (Pig  4,c)  for 
transverse  samples  on  the  average  is  hi^er  than  for  long¬ 
itudinal  (for  annealed  and  unannealed  stock). 

In  the  remaining  cases  the  values  of  6  and  y^wlth 
a  change  of  degree  of  deformation  give  significant  scat¬ 
tering  and  it  is  difficult  to  note  any  regularity. 

Analysis  of  the  microstruoture  of  the  material  dur¬ 
ing  the  progress  of  rolling  showed  that  the  structure  be¬ 
comes  stable  with  Increase  of  total  reduction.  Besides 
there  is  a  noticeable  tendency  to  regrouping  of  phase  par¬ 
ticles  along  with  the  formation  of  texture. 
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0^  yield  point  0B,a  (a)  relative  elon- 
ptlon  6  (t)  and  narrowing  ^ (c)  depending  upon  degree  of 
total  deformation. 


a  -  Transverse? 
In  J5. 


— without  annealing? 

— —  after  annealing. 

b  -  Longitudinal;  c  -  Degree  of  deformation 
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Ooncluslona 


1.  Ultimate  strength  and  yield,  elongation  and  nar¬ 
rowing  of  transverse  samples  of  hot-rolled  SAP  are  hl^er 
than  for  longitudinal.  This  Is  explained  by  the  peculiarity 
of  the  hardening  processes  occurring  In  SAP  during  rolling. 

2.  Direction  of  rolling  does  not  affect  change  of 
properties  of  material  with  Increase  of  degree  of  deformation, 
-here  Is  noted  only  sui  Insignificant  decrease  of  with  a 
degree  of  deformation  of  40-50^  with  subsequent  Increase  to 
the  Initial  value. 

3.  For  preliminarily  annealed  material,  with  an 
Increase  of  total  defomatlon  the  properties  were  changed 
more  evenly  than  for  unannealed. 

4.  On  Indicator  diagrams  obtained  during  tensile 
tests  of  micro-samples  of  SAP  yield  areas  are  almost  com¬ 
pletely  absent. 

5.  Structure  of  material  Is  uniform  and  Is  stable, 
but  there  is  observed  a  tendency  to  formation  of  texture 
with  Increase  of  total  reduction. 
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fUSIOH  WELDING  OF  SIP  (p  135  of  source) 

G«D.  NlklforoTt  S.H.  ZfalzayakoT, 
E*Ta.  Besurina,  B.I.  XatTeev 


At  present  Industries  need  heat-resistant  materials 
possessing  low  specific  gravity.  One  of  such  materials  Is 
SAP.  The  es8entl€tl  deficiency  delaying  wide  application  of 
SAP  Is  the  difficulty  of  Its  welding.  From  foreign  data 
fusion  of  welding  SAP  is  considered,  In  general.  Impossible. 

Fig  1.  Appearance  of  seeil  obtained  during  auto¬ 
matic  argon  arc  welding  SAP-1  using  layer  of  flux. 

Experiments  performed  by  us  on  argon  arc  welding  of 
sheets  of  SAP-1  with  flux  and  without  flux  allowed  us  to 
make  the  conclusion  that  fusion  welding  of  SAP-1  by  the 
usual  process  Is  Impossible  due  to  poor  stability  of  the 
direct  action  arc  and  difficulty  of  formation  of  the  weld¬ 
ing  pool  In  connection  with  ejection  of  the  llqiild  base  and 
filler  metals  In  the  form  of  porous  drops  and  accumulations 
on  the  edges  of  the  welded  plates.  Introdnstlon  of  flux  In 
the  bath  does  not  Improve  the  process  of  welding.  On  Fig  1 
Is  shown  the  appearance  of  a  seotlou  of  a  seam  obtained 
during  argon  arc  welding  of  SAP-1  with  addition  of  flux. 

In  a  number  of  cases  It  was  revealed  that  on  separate 
small  sections  there  are  formed  welded  joints  as  a  result 
of  partial  dissolution  of  SAP  In  the  bath  of  liquid  filler 
metal.  In  connection  with  this  we  decided  to  search  for 
a  method  of  artificial  creation  of  a  liquid  bath  of  sig¬ 
nificant  volume  and  as  a  result  of  contact  of  the  bath  with 
the  edges  oflheielded  material  to  achieve  Its  dissolution  and 
to  thus  obtain  a  welded  joint.  With  this  goal  we  tested  the 
following  process  methods: 

welding  by  Independent  arc  along  a  layer  of  flux  with 
application  of  filler  wire: 

aro  welding  along  a  layer  of  flux  on  an  aluminum 
substrate  using  a  non-consumable  tungsten  electrode  with 
argon  protection.  During  application  of  these  process 
variants  we  obtained  the  joinings  shown  on  Fig  2  and  3* 
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Fig  2.  Nacrostructure  of  Joining  obtained  during 
automatic  welding  of  SAP-1  along  layer  of  flux  by  Indepen¬ 
dent  arc  In  atmosphere  of  argon, 

The  presence  of  a  very  large  quantity  of  pores, 
frequent  unsatisfactory  fusion  of  base  materisQ.  with  filler 
and  also  the  complexity  of  the  proposed  process  forced  us 
to  terminate  further  work  in  this  direction. 

As  a  result  of  the  study  of  ca\ises  of  unsatisfactory 
behavior  of  SAP-1  during  arc  welding  we  found  ways  of  avoid 
ing  them  and  propose  a  technology  of  obtaining  of  heat- 
resistant  SAP,  possessing  the  ability  to  be  fusion  welded. 
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Fig  3*  Macro structure  of  joining  obtained  during 
automatic  argon  arc  welding  of  SAP-1  along  layer  of  flux 
with  use  of  aluminum  substrate,  18. 

Sheets  of  such  SAP  possess  the  following  properties: 

1)  are  not  distended  during  heating  to  900C  with 
holding  for  30  minutes  (as  is  known,  sheets  of  nonwelding 
SAP  are  distended  during  brief  heating  higher  than  5200); 

2)  have  heightened  plasticity  and  hi{^  strength 
at  room  and  heightened  temperatures:  with  a  content  of 
6.9)(  AI2O3  the  ultimate  strength  at  room  temperature  con- 
stltues  30-36  kg/ma^,  at  5000  it  is  5-7  kg/nm2;  vlth  a  con¬ 
tent  of  10.6)(  AI2O3  the  ultimate  strength  at  room  tempera¬ 
ture  is  equal  to  3o-40  kg/nm2. 

This  material  can  be  welded  by  arc  welding  with  ap¬ 
plication  of  fluxes  8Ukd  in  a  medium  of  argon.  The  latter 
method  is  more  desirable  In  production,  inasmuch  as  in  this 
case  we  ellmlzmite  the  necessity  of  subsequent  washing  of 
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welded  joints  for  removal  of  remainders  of  flux* 

Investigations  conducted  showed  that  for  full  melting 
of  sheets  of  weldable  SAP  during  butt  welding  It  Is  neces- 
sazy  to  apply  a  welding  current  of  greater  Intensity  than 
for  sheets  of  the  same  thickness  from  aluminum  and  Its  al¬ 
loys.  For  Instance,  during  welding  of  sheets  of  SAP  of 
thickness  1*5  mm  full  melting  occurs  only  with  a  welding 
current  of  280-300  a. 

Subsequently  It  turned  out  that  during  use  of  cur¬ 
rents  of  very  great  Intensity  the  strength  of  welded  joints, 
due  to  stratification  of  basic  material  near  seam,  does  not 
exceed  18-24  kg/mm^,  where  failure  of  samples  during  test 
occurs,  as  a  rule.  In  the  basic  material  at  a  distance  of 
several  millimeters  from  the  seam.  Lowering  of  welding 
current  from  280-300  a  to  150-200  a  during  welding  of  sheets 
of  thickness  1*5  mm  essentially  Improves  the  quality  of  join¬ 
ing,  however  during  assembly  It  Is  necessary  to  leave  a  gap 
of  1-1*5  mm  between  edges  of  sheets  for  full  melting  of 
joint. 
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Fig  4.  Appearance  of  seam  obtained  during  automatic 
argon  arc  welding  of  weldable  SAP* 

a  -  facing  side  of  seam,  b  -  reverse  of  seam* 

A  large  Influence  on  quality  of  welded  joints  Is 
shown  by  the  speed  of  supply  of  the  filler  wire,  since  with 
Insufficient  speed  there  are  observed  bums,  and  sometimes 
cracks  along  the  center  of  seam* 

Batlonal  selection  of  composition  of  filler  wire  for 
welding  of  SAP  Is  an  Important  but  unfortunately  still  un¬ 
solved  problem.  In  our  experiments  as  filler  material  we 
used  wire  of  the  alloy  AMg6. 

The  conditions  of  automatic  argon  arc  weldln^j  by 
tungsten  electrode  of  sheets  of  SAP  of  thickness  1  and  1.5  mm 
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with  filler  wire  of  the  alloy  AHg6  are  given  In  Table  1, 
and  appearance  of  obtained  seam  on  Fig  4. 

During  Investigation  of  the  properties  of  welded 
Joints  obtained  by  this  method  we  established  the  following 

1.  In  the  process  of  welding  there  occurs  mutual 
dissolution  of  the  basic  and  filler  materials; 

2.  In  the  zone  of  mutual  crystallization  a  clear- 
cut  line  between  basic  and  filler  materials  Is  absent 
which  Indicates  fusion  of  the  surface  of  the  basic  material 
with  formation  of  a  common  bath  (Fig  3>6); 

3*  In  the  seam  metal  there  are  pl^es  of  undlssolved 
SAP  forming  zones  with  sharply  distinguished  etchablllty 
(Fig  7)  and  higher  hardness; 

4.  The  basic  material  In  zones  near  seam  possesses 
heightened  hardness  which  testifies  to  possible  diffusion 
In  It  of  magneslvm  and  formation  of  a  solid  solution  of 
magnesium  In  aluminum. 


Table  1 

Conditions  of  welding 
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a  -  Thickness  of  weld  sheets,  mm;  b  -  Current  liAenslty 
a;  c  -  Speed  of  welding,  m/hour;  d  -  Speed  of  supply 
of  filler  wire,  m/hour;  e  -  Diameter  of  vrlre,  mm; 
f  -  Expenditure  of  argon  llters/mlnute. 
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Fig  5.  Macrostructure  of  Joining  obtained  during 
automatic  argon  arc  welding  of  weldable  SAP,  X5. 
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Pig  6,  Zone  of  mutual  crystallization  of  joining 
obtained  during  automatic  argon  a.vc  welding  of  weldable 
SAP,  X200. 
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Pig  7.  Microstructure  of  metal  of  seam  In  region 
of  separated  pieces  of  SAP,  TJO, 


Results  of  tensile  tests  of  welded  joints  are  given 
In  Table  2. 
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Table  2 
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6.1 

a  -  Temperature  of  test  0;  b  -  Ultimat*- strength  kg/om^; 
c  -  Character  of  fracture;  d  -  Note;  e  -  In  heat-affected 
zone;  f  -  In  basic  material;  g  -  Nelding  across  rolling; 
h  -  Welding  along  rolling;  i  -  Soak  after  welding  at  C 
for  1  hour;  3  -  Material  is  prepared  by  more  advanceS” 
technology;  k  -  Welding  with  Increased  current. 

Judging  by  results  obtained  during  welding  of  SAP  we 
can  obtain  joining  with  ultimate  strength  of  24-28  kg/mm^ 
at  room  temperature  and  5,506.5  kg/mm^  at  500C.  The 
heightened  thermal  resistance  of  metal  of  seam  obtained  with 
use  of  filler  wire  of  the  alloy  iHg6  may  be  explained  by  the 
action  of  inclusions  of  oxides  of  alximlnum,  which  migrate 
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Into  the  seam  from  the  basic  material. 

Some  lovering  of  strength  of  welded  joints  at  room 
temperature  as  compared  to  basic  material  can  be  explained 
by  the  slight  overheating  of  basic  material  In  the  heat« 
affected  zone  In  the  process  of  welding.  Difference  Ir 
properties  of  welded  Joints  made  lengthwise  and  across  di¬ 
rection  of  rolling  corresponds  to  the  scattering  of  the 
values  of  properties  of  the  usual  nonweldable  material. 

Conclusions 

1.  SAP  prepared  by  the  usual  technology  Is  not  use¬ 
ful  for  welding  by  fusion.  As  a  result  of  our  Investigation 
we  developed  a  technology  of  obtaining  SAP  possessing  the 
ability  to  be  fusion  welded. 

2.  Such  material  can  be  welded  by  either  argon  arc 
welding  (melted  and  unmelted  electrodes)  or  by  the  methods 
of  arc  welding  with  use  of  fluxes. 

3.  Ultimate  strength  of  welded  Joints  obtained  with 
application  as  filler  material  of  wire  from  the  alloy  A]|g6 
constitutes  24-28  kg/mm^  at  room  temperature  and  5*6  kg/mm^ 
at  5000.  These  properties  can  be  Improved  by  Improvement 
of  the  technology  of  manufacture  of  the  material  and  the 
prooess  of  welding.  For  Instance,  during  welding  of  material 
obtained  by  a  more  advanced  technology  the  stren^h  of  welded 
Joints  at  room  temperature  constltues  30-35  kg/nm2. 

4.  Prolonged  soak  of  welded  Joints  at  400  and  5000 
does  not  change  the  ultimate  strength  at  room  temperature. 

5.  SAP  Is  easily  welded  with  other  aluminum  alloys, 
for  Instance  with  the  alloy  AHg6,  which  expands  the  pos¬ 
sibility  of  application  for  manufacture  of  different  struc¬ 
tures. 
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SUIT  RESISTANCE  WELDING  Of  WIRE  FROM  SAP 
(p  l4l  of  source) 

V.E.  Ivanov,  F.V.  Klshnev,  E.Ya.  Bazurlna 

During  selection  of  equipment  for  butt  welding  It  Is 
necessaxy  to  consider  the  properties  of  aluminum  or  alum¬ 
inum  alloys.  The  high  heat -conductivity  and  lew  electrical 
resistance  of  aluminum  require  application  for  butt  welding 
of  welding  machines  of  great  power.  The  narrow  temperature 
Interval  of  transition  from  solid  state  to  liquid  leads  to 
necessity  of  automated  feed  during  fusion  and  upsetting  and 
a  high  regulated  pressure,  sufficient  for  displacing  from 
the  joint  of  oxidized  metal. 

A  necessary  condition  of  obtaining  a  high-quality 
welded  joint  Is  simultaneity  of  turning  off  of  current  and 
Initiation  of  upsetting.  According  to  A.S.  Gelman  (A.S. 

Gelman,  Electric  Resistance  Welding.  Mashglz,  1949)  even 
with  a  sll^t  lead  of  turning  off  of  current  before  upset¬ 
ting  the  metal  In  the  joint  Intensely  oxidizes,  which  leads 
to  lowering  of  quality  of  the  joint.  In  the  American 
literature  (W.P.  Haessly,  Welding  Journal.  1954,  No  12) 
there  Is  also  confirmed  the  necessity  of  timely  turning  off 
of  current  during  welding  of  nonferrous  metals.  Investi¬ 
gations  of  butt  welding  of  aluminum  and  Its  alloys  conducted 
by  VNIIESO  showed  that  Initiation  of  upsetting  should  be 
simultaneous  or  lead  the  turning  off  of  current  by  2-3 
cycles* 

A  still  more  complicated  problem  Is  the  welding  of 
SAP,  consisting  of  particles  of  pure  aluminum  ^flth  melting 
temperature  of  6570  and  the  refractory  oxide  of  aluminum 
having  temperature  of  fusion  of  20500. 

Oheok  of  possibility  of  butt  welding  of  vrlre  from 
SAP  on  the  machines  ASIP-5  and  MSR-25,  having  spring  drive  upset 
ting  and  mechanical  turning  off  of  current,  did  not  give 
positive  results.  The  welded  joint,  containing  a  large 
quantity  oxide,  was  fragile  and  was  easily  broken  by  hand 
(force  approximately  15-25  kg). 

A  high  quality  welded  joint  may  be  obtained  only  by 
simultaneous  melting  of  both  components  of  SAP  with  preser¬ 
vation  in  the  joint  of  the  structure  of  the  basic  material 
or  close  to  It. 

Welded  joints  of  satisfactory  quality  were  obtained  / 
during  welding  of  wire  from  SAP  on  a  machine  of  the  type  / 
MSKN-150  (Pig  1)  developed  by  VNIIESO.  / 

/ 

/ 

f 

/ 

/ 


/ 
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Fig  1,  Machine  for  butt  welding  of  nonferrous 
metals  of  type  MSO-150. 


Short  Technical  Characteristic  of  Machine  MSKN-150 


Line  voltage 

Electrical  power  during  chert  circuit 
On  tlme^PV 

Maximum  upsetting  force  (with  pressure 
In  line  5  Icg/cm^) 

Maximum  speed  of  fusion 
Maximum  speed  of  upsetting 
Maximum  travel  of  plate 
Number  of  stages 

Limits  of  adjustment  of  secondary  no- 
load  voltage 

Welding  current  during  short  circuit 
Power  factor  of  machine  during  short 
circuit 


380  volts 
200  kilovolt 
ampere 

10^ 

3000  kg 
50  mm/sec 
200  mm/sec 
40  mm 
16 

4-8.1  volts 
0.37  ohm 

0.54 
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The  characteristic  feature  of  this  machine,  dis¬ 
tinguishing  it  from  earlier  machines  with  hand  feed  or  with 
mechanical  drive  of  shift  of  plate,  is  thi  pneumatic  drive 
with  hydraulic  brake.  Use  of  the  hydraulic  brake  allows 
in  wide  limits  to  regulate  and  to  exactly  hold  the  magni¬ 
tude  and  character  of  build-up  of  speed  of  fusion  and  to 
obtain  Instantaneous  and  powerful  upsetting.  The  elec¬ 
trical  circuit  of  the  machine,  thanks  to  the  presence  of 
an  electronic  timer  relay,  allows  switching  off  of  the 
current  at  any  given  moment. 


MIC  NOT' 
OEPRODOCIBLE' 


Pig  2.  Welded  samples  of  SAP-1 

a  -  welded  joint,  b  -  with  removed  burr,  c  -  after 
stretch  to  appearance  of  permanent  deformation. 

The  investigation  of  weldability  of  SAP  was  conducted 
on  wire  of  diameter  4,5  and  6  mm  obtained  from  povrder  PP-4 
(with  4/S  AI2O3)  and  from  powder  APS-1  (with  6-10^  AI2O5). 

We  welded  the  wire  under  condition  given  in  Table  1,  and 
under  conditions  shovm  in  Table  2.  Comparative  results  of 
tests  of  strength  of  basic  material  and  welded  samples  (Pig 
2)  are  given  in  Table  3. 

Table  1 


nil-4 

AllC-l 

^  ycTanououiiue  .laiiiibie 

0  6  MM 

0  ')  MM 

0  4  MM 

&  nepBM'iiine  Hanpnwteinie  b  e 

380 

225 

225 

C  CyMMapnaH  ycTaiioeoMHan  iiJiHiia  b  mm 

12-13 

12-13 

12-13 

d.  ilaBJieiiHe  oca;iKM  no  ManoMCTpy  b  am 

3 

3 

3.5 

t  Ciyneiib  TpaHC(|)opMaTopa 
■T  riojioiKeHHe  ;ibh>kkob  na  iiiKaJie  (^aejicnne 
uiKaabi): 

1 

5 

5 

iflpoccejiH 

22 

20 

10 

0 

0 

3 

COCaAKM 

13 

13 

13 

a  -  Initial  data;  b  -  Primary  voltage;  c  -  Total  initial 
length  in  mm;  d  -  Upsetting  by  manometer  in  atm;  e  -  Stage 
of  transformer;  f  -  Position  of  cursors  on  scale  (scale 
division);  g  -  coil;  h  -  lever;  i  -  upset. 
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Table  2 


i 

CLfbpaMetpu  pe*A*HMa 

1  nn-4 

AFIC-l 

MM 

05  MM 

'^4  MM 

"^CicopocTa  onaaBjeHHii  b  mm[uk 

9-10 

9-10 

12 

CCxopocTB  OCaAKII  i  MMfceK 

200 

200 

200 

^yciuNe  ocaAKii  b  kP 

2000 

1800 

1800 

t'BTopnqHOC  HanpasKeiiHc  zoaocToro 

xoia  B  t 

4 

3 

3 

‘fToK  KopoTKoro  aaMUKaiiHR  b  a 

24 

13 

13 

a  -  Parameters  of  conditions;  b  -  Speed  of  fusion  In 
mm/see;  c  -  Upsetting  speed  In  mm/sec;  d  -  Upsetting 
force  In  kg;  e  -  No-load  secondary  voltage;  f  -  Short 
circuit  current  In  amps. 

Table  3 

Results  of  Tensile  Test  of  Wire 


A. 

Mapxa  nyApu  AJiz  npoBOxoKH 

f 

o 

H  X 

s  o 

• 

a* 

o 

g-C. 

V  5J.  ^ 

•  •  • 

V  iJ  V 

V  U  U  K  O 

a  o  o  =  • 

“  X  =  =  o  IW 

2  3-  a*'  =  *: 

MecTo 

paapyiuciiHii 

Bo  5 

s  ic 

r*  o  <0  ”  2 

O  b5  §§  S.* 

nn-4,  ochobhoR  MaTepnaa  ^ 

6 

21,6 

91 

- - 

Iin-4,  cBapHoR  oOpascii  ^ 

6 

19,7 

rio  CBapiiOMy  CTu- 

nn-4,  ochobhoR  Marepiiaa  ^ 

5 

22.0 

— 

nn-4,  CBapHoR  oOpaseii  ^ 

5 

20,3 

92 

riO  CBapHOMy  CTU* 

ny  a 

CAn4,  ochobhoR  MaTcpiiaa^ 

4 

25.6 

100 

— 

CATl-l,  CBapHoR  oOpaaeii  ^ 

4 

25.6 

rio  OCHOBHOMy  ua- 
tepitaay  c 

Key:  a  -  Brand  of  powder  for  >dre;  b  -  Diameter  of  wire 
mm;  c  -  Ultimate  strength  kg/mm^;  d  -  Ratio  of  strength 
of  welded  Joint  and  basic  material  e  -  Place  of  fail¬ 
ure;  f  -  basic  material;  g  -  welded  sample;  h  -  In  welded 
Joint;  1  -  In  basic  material, 
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The  joint  of  welded  wire  of  diameter  5  lom  sustains 
a  bend  of  180®  and  twisting  on  posts  of  diameter  10  mm  as 
shown  on  Fig  3* 

Bending  tests  of  welded  joints  with  rehendlng  per 
All  Union  Standard— >1688  and  In  Impact  bend  using  a  pen> 
dular  hammer  type  HK-5  showed  that  the  welded  joint  Is 
more  fragile  than  the  basic  material.  This  Is  explained 
by  the  change  of  structure  of  material  In  the  joint  In  the 
process  of  welding,  as  confirmed  by  metallographlc  Inves¬ 
tigations. 

The  microstructure  of  a  longitudinal  sample  of  wire 
of  diameter  4  mm  from  powder  AFS-1  has  rectilinear  direc¬ 
tivity  (Pig  4),  In  the  mlcrostructure  of  the  welded  joint 
(Jig  5)  there  are  boundaries  of  the  two  welded  wires.  The 
joint  has  a  structure  orlenced  perpendicularly  to  the  long¬ 
itudinal  axis  of  wire  which  transitions  smoothly  to  the 
structure  of  the  basic  material. 

GRAPKNOT 
RCPfiOinKIBlE 


Pig  3.  Joint  of  welded  wire  of  diameter  B  nun. 

The  macrostructure  of  a  welded  joint  of  wire  of  di¬ 
ameter  4  mm  Is  shown  on  Fig  6.  With  Insufficiently 
thorou^ly  selected  conditions  of  welding,  on  the  macro¬ 
graph  (Fig  7)  there  Is  revealed  a  line  of  separation  of  the 
wires.  During  microanalysis  of  this  slide  (Pig  8)  there  Is 
revealed  a  line  of  dark  Inclusions. 

During  determination  of  microhardness  of  wire  of 
diameter  6  mm  from  powder  PP-4  It  turned  out  that  the  hard¬ 
ness  In  the  center  of  the  welded  joint  Is  somewhat  less  than 
the  hardness  of  the  basic  material. 

As  Is  known,  wire  (rods  of  length  4-5  mm,  section  6-8 
mm)  is  obtained  from  SAP  by  hot  extrusion  of  billets.  The 
possibility  of  obtaining  wire  of  smaller  sections  depends  on 
the  quality  of  welded  joints,  able  to  sustain  the  plastic 
flow  of  the  process  of  drawing. 
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Fig  7.  Mac restructure  of  welded  sample  (line 
of  demarcation  of  wires  Is  seen),  X8 


milCMIT 

UPHCBlf 


Pig  8.  Microstructure  of  welded  joint  (line 

of  dark  Inclusions  Is  conspicuous,  ^00. 

Ti.Me  ^ 


JIlHaMCTp  npOBO.10- 

rioC.ICAOBaTC.IbllOCTb  II  CTC- 

KH  AO,npOTM>KK'll 

ncilb  OCiKaTHR  O 

Mccto  paapyiiiciitiii 

A  wIfJlf  . 

6 

5,8;  5,6;  5,17 

^He  paapyujibiacb 

5 

4,5; 4,33;  4,0 

CPa3pf4Q  no  tuny 

a  -  Diameter  of  wire  before  drawing  mm;  b  -  Sequence 
and  degree  of  reduction  (diameter  of  drawplate;; 
c  -  Place  of  failure;  d  -  No  failure;  e  -  Failure 
In  seam. 

From  data  of  Table  4  It  Is  clear  that  drawing  to  a 
smaller  diameter  of  wire  from  SAP  with  welded  joints,  Is 
possible.  During  drawing  of  wire  having  6  welded  joints 
with  degree  of  reduction  of  30  and  40/i  (diameters  of  Initial 
section  constituted  6  and  5  correspondingly)  there  was  one 
failure  In  a  joint  and  the  drawing  was  done  without  pre¬ 
liminary  determination  of  optimum  speeds  and  sequence  of 
drawing. 
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Oonoluslons 


1*  This  study  showed  that  obtaining  by  the  method 
of  fusion  of  satisfactory  welded  joints  of  wire  from  SAP 
is  possible. 

2.  During  welding  usir^  optimum  conditions  the  struc¬ 
ture  of  the  welded  joint  is  luilform  (in  magnitude  and  loca¬ 
tions  of  particles  of  aluminum  and  oxide  of  alumin'jm). 
Strength  of  welded  joint  in  close  to  or  equal  to  strength 

of  basic  materlcd  of  wlre<, 

3.  Welded  joints  of  wire  from  SAP  are  able  to  sus¬ 
tain  deformation  during  drawing. 

4.  For  welding  of  wire  from  SAP  of  diameter  from  4 
to  10  mm  the  most  useihi?..  machine  is  the  type  MSKN  with  power 
of  100  kiloTOlt  amperes,  which  is  one  of  a  series  of  welding 
machines  developed  by  YMIESO.  An  Industrial  version  of  the 
machine  should  have  aiTangements  for  reliable  holding  and 
fast  removal  of  welded  wire  of  any  length,  a  mechanism  for 
exact  centering  of  joint,  and  also  an  attachment  for  ad¬ 
justment  of  secondary  voltage  in  the  range  from  2.5  to  8 
volts. 

5.  Hastering  of  welding  of  wire  from  SAP  will  allow 
industrial  production  and  drawing  of  wire  from  the  basic 
brands  of  SAP. 
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STRUCTURE  AND  PROPERTIES  OF  VELPED  JOINTS  OF  WELPABLE  SAP 

(p  148  of  source) 

M.V,  Poplavko,  I.N.  Gerasimenko 


One  of  the  urgent  and  the  most  complicated  problems 
Is  fusion  welding  of  SAP  and  guarantee  of  hl^  quality 
welded  Joints.  In  connection  with  this  there  appeared  the 
the  necesr^lty  of  development  of  the  technology  of  welding 
and  determination  of  properties  of  the  welded  Joints. 


aMmicNOT 

REPiuniiCBU 

Fig  1.  Appearance  of  seam  In  hand  argon  arc  welding 
with  application  of  welding  wire  AK  suid  flux  AP-4a. 


CMmCNIlI 

REPMOIBBU 


Fig  2.  Appearance  of  seam  In  automatic  argon  are 
welding  with  application  of  welding  wire  AHg>6. 


In  the  first  stage  of  work  the  sheet  material  (SAP) 
was  hand  argon  arc  welded  with  application  of  filler  of 
brand  AK  and  automatic  argon  arc  welded  with  unmelted  elec- 
trode  with  filler  wire  AHg6. 

In  both  cases  the  process  of  welding  progressed  suf¬ 
ficiently  stably  with  satisfactory  penetration  and  good 
forming  of  seam  (Fig  1  and  2). 

With  use  of  welding  wire  of  brand  AK  the  seam  usually 
has  a  uniform  structure  characteristic  for  the  given  ma¬ 
terial  (Fig  3). 

With  application  of  filler  wire  of  brand  AMg6,  In 
the  structure  of  the  seam  sometimes  It  Is  possible  to  ob¬ 
serve  separate  oxidized  Inclusions  (Fig  4),  For  the  pur¬ 
pose  of  improvement  of  forming  of  seam  and  Its  properties 
we  developed  the  filler  wire  B40  of  the  following  composition 
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1.585^  Mg;  1.64%  Nl;  0.315^  Mn;  0.14%  Si;  0.10%  Tl;  0.1% 
Be,  remainder  aluminum 


% 


SUPniC  NOT 
REPOOOUCnE 


Pig  3.  structure 
of  filler  wire  AK. 


of  metal  of  seam  with  application 


HIAPNItllOT 

liEPaODIICIBlE 


Pig  4.  Structure 
of  filler  wire  AHg6. 


of  metal  of  seam  with  application 


In  the  process  of  test  welding  of  plates  It  was 
noticed  that  with  application  of  this  vrire  there  is  ensured 
good  forming  of  seam  and  proper  continuity  of  metal.  On 
Pig  5  Is  shown  the  facing  and  reverse  sides  of  seam,  and  on 
Pig  6  —  an  X-ray  photograph  of  the  seam.  The  uniform 
structure  of  the  seam,  and  also  the  good  alloying  with  the 
basic  material  (Pig  7)  promote  an  Increase  of  quality  of 
the  welded  joints. 
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GRAPHIC  NOT 


Fig  5.  Facing  (a)  and  rcverre  (b)  side  of  seam, 
made  with  application  of  wire 


&FPR00UCIBU 


wmrmm 


Fig  6.  X-ray  photograT 
application  of  wire  340. 


of  welded  seam,  made  with 


Testing  on  inclination  to  c’^ack  fornation  v;as  done 
on  a  cross-like  sample  (Fig  bo  or  iclcs  in  metal  of 

seam  and  or  heat-affected  zone  vjcie  'evealod* 

In  connection  v/ith  tills,  rhi  re  v/as  *reat  interest 
in  the  determination  of  the  ororrrtlv:-  of  '.aslc  material 
and  welded  .joints  obtained  with  ns^•  of  the  wire  B4Q  and 
AK .  ( Part i c 1 po  t e d  in  wo rk  o  f  v .  ( .  1 1 ' 1 na ) 


liBLE 


... 


h  basic  metal 


:y 


% 


■  *  TV  Vy.-M. 


Vlg.8.  Oross-llke  sample  for  determination  of  In¬ 
clination  of  metal  of  seam  and  basic  to  crack  foxmation 
during  welding. 


Vitb  tkis  goal  we  welded  plates  using  a  nonconsumable 
electrode  in  a  mediim  of  argon  with  application  of  flux 
IF-Aa,  where  in  wiew  of  the  higdi  refractoryness  of  SAP  we 
used  someidiat  heightened  conditions  of  welding  (Table  l). 


Table  1 


Oonditions  of  Hand  Argon  Arc  Voiding  of  SAP 


ToJiuiHHa 

MaTepuaaa 

^  MM 

ilMaMerp  Boab- 
4»paiioBoro 

0  npyxKa 

Ir  MM 

CHJia  TOKa 

AHaneTp  npHca* 

AO<IHOjl  npoBoaoKH 

dL 

1.0 

2,0 

65-70 

3.0 

1.5 

2,0 

80 — 105 

3,0 

2.0 

2.5 

110-135 

3,0 

Key;  a  -  Thickness  of  material  mm;  b  -  Diameter  of 
tungsten  rod  mm;  o  -  Current  intensity  a;  d  -  Diameter 
of  filler  wire  mm. 

Voiding  of  plates  was  done  end  to  end  on  a  copper 
substrate  with  through  penetration  and  reverse  foxming  of 

seam. 

Prom  the  welded  plates  we  prepared  two  series  of 
samples;  w^th  strengthening  of  seam  and  without  strength* 
ening  of  seam.  Samples  were  subjected  to  short-time  tensile 
tests  at  20,  350  and  5000  for  determination  of  their  strength 
with  use  of  the  above-mentioned  brands  of  filler  wire.  All 
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samples  were  cut  along  direction  of  rolling  since  It  was 
assimed  thdt  In  this  direction  there  are  obtained  lower 
strength  parameters.  Furthermore,  we  made  tests  of  stan«> 
dard  samples  of  welded  Joints  in  bending.  Results  of  tests 
are  given  In  Table  2. 


Table  2 


Mechanical  Properties  of  Welded  Joints  of  SAP 
Thickness  of  Sheets  1.5  am  (6.85(1  AI2O3) 


*  ^ 
MapKa 
npMcaAOM- 
hoA  npouo- 

AOKtl 

-e- . 

TeMricpaty- 
pa  ftenuTa* 

npeAC.i  npOMiiocTii  npii  pacTsi;Ke> 

-  nm 

^  ICrfMM^ 

1  '■  ■  ■ 

Vroa  aaritCa 
tpad 

f 

HHSl 

•c 

C  yCH.lCfilfCM 

^  oiea 

6c3  ycH.iciiiisi 
^  Diaa 

B40 

20 

19.3-27.8 

— 

44-70 

54.8 

m 

350 

8,S~9.7 

9.1 

— 

B40 

500 

4-4.7 

4.23 

3, 6-4.6 

AK 

20 

a.l-26.8 

25.4 

21.0-24,8 

01-63 

48,1 

AK 

1 

350 

5.75-8.8 

7.51 

6.8-8.8 

—  ■ 

AK 

500 

3.3-4 .7 

4.1 

2.8-3,5 

3.23 

— 

a  -  Brand  of  filler  wire;  b  -  Temperature  of  test  0; 
c  -  Ultimate  strength  in  tension  kg/mm^;  d  -  with 
strengthening  of  seam;  e  -  without  strengthening  of 
seam;  f  -  Angle  of  bend  In  degrees. 


As  can  be  seem  from  Table  2,  the  plastic  properties 
of  seams  made  with  the  filler  wire  B40  are  someiAiat  higher 
than  seams  with  the  wire  AK. 

For  comparison  of  properties  of  basic  material  and 
rfeldei  Joints  we  prepared  and  tested  In  tension  two  series 
of  samples,  cut  lengthwise  and  across  direction  of  rolling, 
■rfe  welded  sheets  from  SAP,  containing  6,8  and  7.^5^  Al203» 
Results  are  given  in  Table  3-6, 
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Fig  8<  0ros8«like  sample  for  determination  of  in¬ 
clination  of  metal  of  seam  and  basic  to  crack  foimation 
during  welding, 

Witb  this  goal  we  welded  plates  using  a  nonconsumable 
electrode  in  a  medium  of  argon  with  application  of  flux 
AF-4a,  where  In  view  of  the  high  refractoryness  of  SAP  we 
used  somefdiat  heightened  conditions  of  welding  (Table  l). 

Table  1 

Conditions  of  Hand  Argon  Arc  Welding  of  SAP 


TojiuiHHa 
MaTepHaJia 
-  MM 

a* 

JlHaMerp  Boab- 
(t)paMOBoro 

0  “PytKa 

Xr  MM 

CH.ia  TOKa 

AHaneTp  npHci- 
AO*ihoA  npoBoaoKH 

d- 

1.0 

2,0 

^5-70 

3,0 

1,5 

2.0 

80-105 

3,0 

2.0 

2.5 

110—135 

3,0 

Key:  a  -  Thickness  of  material  mm;  b  -  Diameter  of 
tungsten  rod  mm;  c  -  Current  intensity  a;  d  -  Diameter 
of  filler  wire  mm. 

Welding  of  plates  was  done  end  to  end  on  a  copper 
substrate  with  through  penetration  and  reverse  forming  of 
seam. 

Prom  the  welded  plates  we  prepared  two  series  of 
samples:  with  strengthening  of  seam  and  without  strength¬ 
ening  of  seam.  Samples  were  subjected  to  short-time  tensile 
tests  at  20,  350  and  5000  for  determination  of  their  strength 
with  use  of  the  above-mentioned  brands  of  filler  wire.  All 
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samples  were  cut  along  direction  of  rolling  since  It  was 
assumed  that  In  this  direction  there  are  obtained  lower 
strength  parameters.  Furthermore,  we  made  tests  of  stan» 
dard  samples  of  welded  joints  in  bending.  Results  of  tests 
are  given  in  Table  2. 


Table  2 


Mechanical  Properties  of  Welded  Joints  of  SAP 
Thickness  of  Sheets  1,5  nm  \6»%%  ''2O3) 


»  0^ 
MapKa 
npHcaAOM- 
hoA  npouo- 
aoKu 

TcMficpaiy- 
pa  Mcnwta- 

HHd 

•c 

npCAC.i  npoMiiocTii  npii  pactfl/Ke- 

-  HKil 

icPImm- 

Vroji  3arit6a 
zpad 

f 

C  yCH.ICfllfCM 
^  niBa 

603  yCitJTCIIItR 

^  oiBa 

B40 

20 

19.3-27.8 

— 

44-70 

M.8 

m 

350 

8.5-9.7 

9.1 

B40 

500 

4-4.7 

4.23 

3.6-4, 6 

AK 

20 

23.1—26.8 

25.4 

21.0-24,8 

31-63 

48.1 

AK 

350 

5.75—8.8 

7,51 

6.8-8.8 

AK 

M)0 

3. 3-4. 7 

4.1 

2.8-3,5 

3.23 

— 

a  -  Brand  of  filler  wire;  b  -  Temperature  of  test  0; 
c  -  Ultimate  strength  In  tension  kg/mm^;  d  -  with 
strengthening  of  seam;  e  -  without  strengthening  of 
seam;  f  -  Angle  of  bend  in  degrees. 


As  can  be  seem  from  Table  2,  the  plastic  properties 
of  seams  made  with  the  filler  wire  B40  are  somewhat  higher 
than  seams  with  the  wire  AK, 

For  comparison  of  properties  of  basic  material  and 
welded  Joints  we  prepared  and  tested  in  tension  two  series 
of  samples,  out  lengthwise  and  across  direction  of  rolling, 
ife  welded  snects  from  SAP,  containing  6.8  and  7 AI2O5, 

results  are  given  in  Table  5-6, 


As  oaa  bs  seen  from  the  tables,  the  strength  of  the 
basic  material  and  welded  joints  of  samples  cut  aoross  rol 
ling  are  higher  than  longitudinal. 

For  test  of  strength  of  basic  material  containing 
7.A>  oxide  of  aluminum  and  of  welded  joints  obtained  with 
applloatlon  of  filler  wire  B40,  we  tested  two  series  of 
samples,  out  lengthwise  and  across  direction  of  rolling 
(table  5  and  6). 


Table  3 

Strength  of  Basic  Material  (SAP)  at  Different 
Temperature  (6.8)(  AI2O3).  Thickness  of  Sheet 

1.5  mm 


TtMncpa- 
Tjpa  HCflu- 

npexeji  npoiNocTH  > 

TaHNfl 

•  Moat 
^npofcara 

nonepex 

^poxaTa 

20 

21,0-31.0 

32.6-33,0 

27.6 

32.9 

350 

8, 1-8.7 

9.0-9.3 

8.3 

9,16 

500 

3.7-3.8 

3.7-4,4 

3,76 

4.03 

a  -  Temperatvire  of  test  0;  b  -  Ultimate  strength  in 
kg/mm2;  e  >  along  rolling;  d  •  across  rolling. 

Table  4 

Strength  of  Velded  Seam  With  Strengthening 
(filler  B40)  AI2O3 


TeMnepa- 
Tjrpa  Hcnu- 
TaHHM 

/i 

flpeAea  npoqiiocTM  b 

BA0.1b 

^npoxara 

noncpcK 

^poxara 

.  20 

20.7-25.7 

26.2-29.2 

22,0 

27.8 

350 

7.4-8,9 

9.2-10.3 

8.1 

9,73 

500 

3.6-4.2 

4.0-4.2 

3,87 

4,13 

a  -  Traperature  of  test  0;  b  -  Ultimate  strength  in 
kg/mm^;  0  •  along  rolling;  d  >  across  rolling. 
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Table  5 


Strength  of  Basic  Material  (SAP)  at  Room  fen- 
peratiire  {7.4ji  11203).-  Temperature  of  test  200 


To;im.MHa 

.flocAei  npo«iHOCTH 

A-  KtlMM* 

iiaTepMa>ia 
MM  1 

a. 

•AOJIh  1 

^  apoKara  i 

n  inepeK 
^npoKara 

1.5 

JW.O— “W.? 
29.4 

29 

l.O 

28.S-ni.0 

39.6 

30.I-3I.6 

30,75 

a  -  Thickness  of  material  mm;  b  -  Ultimate  strength 
kg/mm2;  c  -  along  rolling;  d  -  across  rolling 

Table  6 

Durability  of  Welded  Joints  of  SAP  on  Samples  with 
Strengthening  of  Seam  (7.4^  AI2O3).  Thickness  of  Material 
1.5  mm 


TcMnepa- 
rypa  iicnu- 

Ta'-iHfl 

npCAC  *  npOMHOCTH 

BAO.l  b 

npoKaia 

noiicpcK 
^p  »KaTa 

20 

204-2*,3 

30.7  -33,9 

2j.9 

31.7 

500 

5.1-5.* 

.S. 7^6.1 

1  5.62 

5,86 

a  -  Temperature  of  test  C;  b  -  Ultimate  strength  kg/mn^; 
c  -  along  rolling;  d  -  across  rolling. 

As  can  be  seen  from  Table  6,  strength  of  welded  sam 
pies  cut  across  rolling  Is  higher  than  longitudinal,  and 
failure  occurs  in  the  basic  material  in  the  heat-affected 
cone. 
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Oonolusions 

1.  In  the  process  of  tests  on  Inollnatioh  to  oraok 
foinntlon  (eross-lllce  sample)  it  was  established  that  Sif 
velds  vlthout  ezaeks. 

2.  ^plication  of  filler  wire  B40  allows  us  to  ob¬ 
tain  omparatlTely  strong;  seams.  Por  obtaining  hermetic 
welded  Joints  special  teolrinology  is  required* 
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REPROCESSING  OP  ¥ASTE  SAP  (P  153  of  source) 

N.A.  Davydova,  E.A.  Kuznetsova,  B.I.  Matveev,  A, A.  Gelman 

In  obtaining  of  half-finished  products  of  details 
from  SAP  there  are  formed  large  wastes  In  the  form  of  press- 
remainders,  extrusion  ends,  sheet  and  wire  cutoff  and  small 
waste  in  the  form  of  shavings  during  machining  of  details. 
Direct  use  of  these  wastes  during  manufacture  of  half-finished 
products  from  SAP  has  tremendous  value  for  lowering  the  cost 
of  the  latter.  In  connection  with  this,  the axtt2iasM:udied  dif¬ 
ferent  methods  of  processing  of  waste  SAP, 

In  practice  successful  application  is  made  of  the 
method  of  briquetting  of  small  waste  of  the  most  diverse 
alloys  and  steels.  If  briquettes  from  small  waste  are  sub¬ 
jected  to  significant  deformation  (pressing  or  rolling), 
there  are  obtained  half-finished  products  of  quite  high 
quality.  With  this  method  of  reprocessing  of  waste,  losses 
are  significantly  less  than  during  resmeltlng.  If  one  were 
to  consider  that  remelting  of  SAP  is  practically  Impossible, 
application  of  this  method  of  use  of  waste  SAP  has  great 
importance.  Proceeding  from  thi% westuiled  different  methods 
of  crushing  of  large  waste,  and  also  the  influence  of  degree 
of  cruashing  on  structure  and  properties  of  half -finished 
products  of  SAP, 

The  best  method  of  mechanical  crushing  from  the  point 
of  view  of  economy  and  simplicity  would  be  crushing  of  big 
waste  in  crushers.  However,  as  shown  by  experiments,  in 
view  of  the  high  viscosity  of  SAP,  crushing  in  the  usual 
hammer  crusher  did  not  give  positive  results,  since  there 
occurred  only  some  crumpling  of  metal  on  the  surface.  In 
connection  with  this  it  was  decided  to  study  the  method  of 
crushing  of  waste  by  cutting. 

With  this  goal,  milling  of  rods  from  SAP  was  used  to 
nrepare  shaving  of  the  most  diverse  dimensions.  The  big 
shavings  had  a  thickness  of  0.2-0. 5  mm,  length  and  width 
from  1  to  5  nm,  bulk  wel^t  constituted  0.3-0. 5  g/cm3. 

Big  shavings  was  obtained  on  a  lathe.  Small  shavings  were 
made  on  a  special  milling  machine  adapted  for  processing  of 
powder  compact  metal.  The  conditions  under  which  we  crushed 
the  waste  were  the  following:  table  feed  0,09  mm/turn, 
speed  of  rotation  of  Table  7  rpm,  speed  of  rotation  of  hori¬ 
zontal  milling  cutter  4500  rpm. 

The  obtained  shaving  was  subjected  to  abrasion  in 
snecial  drums.  In  this  case  its  bulk  weight  was  increased 
from  0.26  to  0.65-0,85  g/cm3.  In  Table  1  are  given  the 
mechanical  pxoperties  of  rods,  pressed  from  big  and  small 
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d»TlB€S  of  Stf  vltii  oontent  of  aluKlnoa  ozldo  15»2%, 

Tablo  1 


Ntelianioal  Properties  of  Rode  of  SAP  Obtained 
Proa  Different  Sharings 


1  5nip«i? 

.44lw50(r 

a. 

iM  crpyxKif 

1  ) 

» 

*4 

8 

% 

• 

mx 

min 

max 

min 

max 

min 

max 

ntin 

CK^jriiiafl  ctpyKKi 

cTpyxKa: 

«.5 

37.6 

7.0 

5.4 

11.5 

9.6 

2.0 

1.0 

^MO  iiCTiipaMiiii 

41.7 

38.5 

6.0 

3.0 

12.4 

12.0 

1.2 

0.4 

P  NCfiipaiiiM 

41.0 

39.5 

4.0 

2.5 

13.5 

n.5 

0.5 

0.4 

a  •  Pom  of  shaving}  b  -  At;  c  -  Big  shaving;  d  - 
Snail  shaving;  e  *  before  abrasion;  f  -  after 
abrasion 4100  ak. 

Proa  Table  1  it  Is  clear  that  with  decrease  of  dl- 
aensions  of  shaving^ strength  Inoreaser  at  all  teaperatures 
and  elongation  drops.  However,  the  general  level  of  pro¬ 
perties  reaalns  hl|di  enouf^.  It  is  necessary  to  note  that 
for  rods  froa  coarse  shavlnsts  the  tendency  to  delamlnatlon 
I's  ereater  than-  with  sicall  shavings,  therefore  small  8U?e  better* 
A  large  influence  on  quality  of  half-finished  pro¬ 
ducts  obtained  froa  crushed  waste  is  shown  by  the  paraaeters 
of  their  manufacture:  temperature  of  heating  of  crushed 
waste  before  briquetting,  specific  pressure  of  briquetting, 
temperature  and  degree  of  deformation  during  hot  pressing, 
for  detexaination  of  the  influence  of  temperature  of  heat¬ 
ing  of  crushed  waste  of  SAP  before  their  briquetting  on 
aeohanioal  properties  of  rods  and  the  content  In  them  of 
alualnua  oxide  we  selected  temperatures  of  400,  450,  500, 

6000.  Specific  pressure  during  briquetting  in  all  cases 
oonstltuted  40  hg/ma^.  After  briquetting  at  these  tempera¬ 
tures  the  density  of  the  briquette  oscillated  within  the 
limits  2.0-2.15  g/oa?.  further  compaction  of  these  bri¬ 
quettes  at  450c  increased  the  density  to  2.75-2.8  g/ca', 
l.e.  to  the  density  of  pressed  hedf-flnlsh^d  products. 

Results  of  tests  are  given  in  Table  2. 
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Table  2 


Dependency  of  Mechanical  Properties  and  Content 
of  Aluminum  Oxide  In  Pressed  Rode 
on  Temperature  of  Heating 


TcMncpatypa 
Harpesa  nepeA 
6pHKeTiipoBa- 
HHesi 

6L  *0 

ripii 

[  20» 

4.  npH  SCO* 

COACp^Ki- 
Mite  OKlfCH 

t  npyiKax 

kFImm^ 

1 

% 

«• 

1 

% 

20 

— 

_ 

14,0 

400 

36.0 

6.0 

to.o 

— 

U.2 

450 

37.3 

S.O 

12.0  ' 

— 

14,7 

500 

37,0 

4.2 

13.0 

0.9 

14,3 

S50 

— 

lO.O 

2.0 

14.2 

600 

36,0 

6.0 

7.0 

1,8 

14,8 

a  -  Temperature  of  heating  before  briquetting  C; 
b  -  At;  c  -  Content  of  aluminum  oxide  In  rodsji. 

As  can  be  seen  from  Table  2,  preliminary  heating  of 
crushed  waste  in  interval  of  temperatures  400-6000  prac¬ 
tically  does  not  affect  mechanical  properties  at  room  tem¬ 
perature  or  content  of  oxide  of  aluminum.  However,  high- 
temperature  heating  of  shavings  at  6000  worsens  properties 
of  rod  at  5000,  This  pattern  Is  also  observed  during  heat¬ 
ing  of  powder  before  its  briquetting. 

Regarding  influence  of  specific  pressure  of  briquet¬ 
ting  on  density  and  mechanical  properties  of  rods  from 
secondary  SAP,  the  pattern  basically  remains  the  same  as 
in  obtaining  of  reds  from  primary  powders  density  of 
briquette  increases  v.'ith  specific  pressure  of  briquetting 
while  T,ha  mechanical  properties  of  pressed  half-finished  pro- 
c'/CUBnd  it:,  final  density  practically  do  not  depend  on  the 
specific  pressure. 

Temperature  of  hot  pressing,  conversely,  renders  a 
significant  influence  on  mechanical  properties  of  pressed 
hrlf-flnlshsd  products  from  secondary  SAP  .(Table  3).  With 
inereisif.  of  temperature  of  heating  of  billets  from  450  to 
’.iitimate  strength  of  pressed  rod  is  increased  from 
pa  to  39  Ag/mm2,  and  elongation  is  increased  correspondingly. 
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laoreate  of  strength  and  plasticity  can  b#  explained 
by  the  fact  that  at  the  higher  tenperatures  there  occurs 
best  sintering  and,  apparently,  certain  redistribution  of 
aluainuB  oxide.  Thus,  for  guarantee  of  best  neohanical 
properties  of  secondary  SAP  at  normal  temperatures  it  is 
best  to  heat  the  billets  to  550-5800. 

Table  3 

Influence  of  Temperature  of  Heating  of  Billets 
Before  Hot  Pressing  on  Mechanical  Properties 
of  Secondary  SAP.  Test  at  200. 


TcMnepaiy- 
pa  MarpeBa 
aaroToaoK 
0-  *0 

•• 

1 

% 

450 

35.0 

5,0. 

500 

37.1 

550 

38.0 

5.0 

580 

39.0 

6.0 

a  -  Temperature  of  heating  of  billets  0. 

Table  4 

Change  of  Mechanical  Properties  of  Secondary 
.  SAP  Oepending  iJpvon  Degree  of  Deformation. 
Test  at  200 


CteueHh  AC- 
^opxauMH 

CL* 

•» 

uriMjfi 

1 

% 

57 

33.8 

6.8 

51 

37 

1.5 

90 

37.5 

2.0 

97 

37.8 

4.1 

a  -  Degree  of  deformationjC. 
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Por  investigation  of  influence  of  degree  of  defoma* 
tion  on  change  of  mechanical  properties  we  pressell  rods 
with  degree  of  deformation  67,  84,  90  and  97^.  Inveatiga**  • 
tion  of  macrostructure  of  rods  pressed  with  different  dsf^aei 
of  deformation  showed  the  following.  It  a  degree  of  def¬ 
ormation  of  67%  the  central  layers  of  the  rod  laidsfwent  al¬ 
most  no  changes,  the  form  and  location  of  particles  of 
shaving  are  easily  seen.  Peripheral  layer  is  deformed 
approximately  to  a  depth  5  mm,  separate  particles  of  shavlll|{ 
no  longer  can  be  noted  since  they  are  strongly  stretched 
along  direction  of  pressing.  Rod  with  degree  of  deformation 
of  84^  has  in  the  core  a  structure,  stretched  in  direction 
of  pressing,  but  the  peripheral  layers  are  deformed  to  a 
significantly  larger  degree:  rods  pressed  with  degree  of 
deformation  of  90  and  97^  have  completely  deformed  struc¬ 
ture  all  thru  the  section. 

In  Table  4  is  given  the  dependency  of  mechanical 
properties  of  these  rods  on  degree  of  deformation.  With 
increase  of  degree  of  deformation  from  67  to  97%  the  ul¬ 
timate  strength  increases  by  3.5-4  kg/mm^,  and  elon^tion 
from  0.8  to  4.1^,  i.e.  almost  by  five  times.  In  obtaining 
of  secondary  SAP  it  is  best  to  use  a  degree  of  deformation 
of  more  than  90^.  However,  if  the  half-finished  products 
subsequently  have  to  be  subjected  to  significant  deforma¬ 
tion,  then  degree  of  deformation  during  hot  pressing  of  . 
secondary  SAP  may*^e  decreased  to  80%, 

This  investigation  allowed  us  to  select  optimum  tem¬ 
peratures  of  heating  of  crushed  waste  before  their  briquet¬ 
ting  and  of  billets  for  hot  pressing,  and  also  optimum  de¬ 
grees  of  deformation  in  obtaining  of  secondary  SAP. 

After  that  we  conducted  a  comparative  investigation 
(both  in-  laboi'atory  and  in  factory  conditions)  of  proper¬ 
ties  of  half-finished  products  of  SAP,  obtained  directly 
from  powder  and  crushed  waste  (briquetting  with  heating  and 
witnout  heating).  From  powder  SAP-2,  containing  165^  of 
aluminum  oxide,  we  pressed  rods  while  from  their  waste  we 
obtained  secondary  SAP.  Temperature  of  heating  of  billets 
for  hot  briquetting  and  hot  pressing  was  Identical  and  con- 
stitued  470-5000,  degrees  of  deformation  also  were  identical 
in  all  cases  {95-98%) .  Average  results  of  tests  are  given 
in  Table  5. 

Data  given  in  Table  5  indicate  that  secondary  SAP 
pressed  from  waste  (shaving)  obtained  by  machining  has 
satisfactory  mechanical  properties. 

The  plasticity  of  secondary  SAP  is  higher  than  pri¬ 
mary.  0  -ch  a  variation  is  also  observed  in  secondary  pres¬ 
sing  of  primaiy  SAP.  T^is  is  explained  by  the  fact  that  the 
shavin'.  Itself  already  has  a  deformed  structure  and  further 


Table  5 


Heohanical  Properties  of  Rods  from  Primary 
and  Secondary  SAP 


ilMa- 

MBTp 

apyi. 

cL  Rdh  j 

1  cCnpii  800* 

Hcxoa- 
iiyfi  Ma- 

SpMKeTIl- 

pOBaUMC 

•• 

kPImm^ 

1 

% 

mm 

1 

% 

tepMaji 

dL 

Ka 

MM 

C- 

max 

mm 

max  j 

min 

max 

min 

max 

min 

pnepBtiq- 
Hui  CAR 

ropaqec 

50 

18 

43.4 

45,3 

40.1 

42.7 

2.8 

4.4 

1.4 

2.8 

u.o 

12.5 

i7» 

iTo 

,«nepBKq- 

CAR 

XoapA; 

14 

45.4 

43.7 

4.0 

3.4 

14.4 

12,7 

1.6 

O.K 

X^TOpill- 

^■uA  CAR 

ropjwc^ 

14 

44.2 

42,5 

5.6 

4.0 

M.9 

13.3 

2.2 

1.6 

^BTOpil«l- 

^■uACAR 

XoaoA- 

«oe4j 

14 

43.5 

42,4 

S.O 

4.0 

15.2 

13.9 

2.0 

1 

— 

a  -  Initial  material;  b  -  Briquetting;  c  -  Diameter 
of  rod  mm;  d  <■  At;  e  -  Primary  SAP;  f  -  Secondary 
SAP;  g  -  Hot;  h  -  Cold. 


defoimatlon  of  It  evokes  Insignificant  lowering  of  ultimate 
strength  and  more  significant  Increase  of  elongation* 

We  Investigated  the  microstructure  of  briquettes, 
billets  and  finished  pressed  half -finished  products  from 
secondary  SAP.  Since  the  Initial  raw  materials  for  second- > 
ary  SAP  are  crushed  waste  of  primary  SAP,  then  It  Is  na¬ 
tural  that  secondary  material  preserves  completely  the 
structure  of  SAP.  Thanks  to  this,  the  mechanical  properties 
of  secondary  SAP  hardly  differ  from  properties  of  primary 
SAP,  with  the  exception  of  elongation.  However,  the  micro- 
structure  In  both  cases  Is  practically  Identical  for  de¬ 
finite  conditions  of  obtaining  of  rods  (Fig  l).  In  con¬ 
nection  with  the  faot  that  the  elongation  of  secondary  SAP 
Is  hl:*her  Its  mlcrostruoture  should  differ  from  primary  SAP. 
Honetheless  It  Is  possible  with  confidence  to  say  that  In¬ 
asmuch  as  secondary  SAP  Is  pressed  from  crushed  shaving 
idilch  consists  of  an  aluminum  matrix  with  distributed  dis¬ 
persed  oxidized  particles,  then  as  a  result  of  the  repeated 
briquetting,  sintering,  compaction  and  hot  pressing  there 
occurs  a  certain  redistribution  of  crushing  of  aluminum 
oxide,  the  result  of  which  Is  some  Increase  of  elongation. 


Fig  1.  Micros true ture  of  SAP  rod 
a  -  primary,  b  secondary  '  . 
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means  of  aeohanioal  orushlng  of  waste  SAP  into 
smsdl  shavings,  subsequent  briquetting  and  pressing,  vs  , 
oan’  obtain  hlj^  quality  half •finished  products,  uhoss 
meohanloal  properties  differ  Insignificantly  from  the  pro> 
parties  of  half-finished  products  from  primary  SAP. 


SAS  WITH  LOW  GOEPPICI2HT  OP  LINEAR  EXPANSION 
(pl60  of  source)  i 

I.N.  Pridlyander,  N.S.  Klyagin, 

H.A.  Krivenko 

(B.I.  Babichev,  V.S.  Rudometov,  V.V.  Ivanov, 

B.L.  Piryulin  participated  in  this  work) 

A  considerable  lowering  of  the  coefficient  of  linear 
expansion  of  aluminum  is  in  principle  possible  by  means  of 
introduction  of  large  quantities  of  elements  having  a  coef¬ 
ficient  of  linear  expansion  significantly  lower  than  for. 
aluminum,  (£.0.  Livshits,  Physical  Properties  of  Alloys, 
Gliapter,  "  ihemial  Expansion‘s  Metallurgy  Publishing  House, 
i960;  M,P.  Slavinskiy,  Physical  arid  Chemical  Properties 
of  Elements,  Metallurgy  Publishing  House,  1952).  Ho''wCTer, 
then  there  are  obtained  fragile  alloys  which  are  difficult 
to  cost  and  to  press.  (Smith,  SAE  Journal.  1959,  vol.  66, 

No  9,  pp.  48-50).  There  is  interest  in  the  manufacture  of 
such  alloys  by  the  method  of  powder  metallurgy. 

In  this  work  v;e  conducted  an  investigation  of  alloys 
of  the  system  Al— Si  alloyed  with  different  elements  ^having 
a  comparatively  low  coefficient  of  linear  expansion  (Table 
1).  (Heinrich  Herbst,  Patent  PRO,  No  970904,  1958). 

Obtaining  of  initial  powd'rs  was  done  by  two  methods: 
atomisation  of  alloy  of  given  composition  on  a  sprary  in¬ 
stallation  and  crushing  of  shaving  of  finished  alloy  in  a 
ball  mill. 

Diagram  of  spray  installation  is  shown  in  Fig  1. 
ilelted  metal  is  poured  into  a  graphite  crucible.  In  the 
bottom  part  of  the  crucible  there  is  a  hole,  closei  by  a 
graphite  vS topper  to  regulate  the  speed  of  supply  of  metal 
from  crucibl-  to  spray  nozzle.  After  achievement  of  tem- 
p  rature  of  atomization  the  stopper  is  raised  the  required 
height  and  metal  enters  the  nipple. 

Stream  of  metal  ensuing  from  nipple  is  broken  up 
by  a  flow  of  nitrogen,  bursting  from  the  spray  burner  under 
a  pressure  of  3-5  atm.  Under  the  action  of  shower  cooling 
the  smallest  drops  of  alloy  are  crystallized  and,  dropping 
on  a  pan  filled  v^ith  -Jater,  are  finally  cooled. 
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Table  1 

Physical  Properties  of  Investigated  Additions 


HaNMeKOoaHiie  s.icmch- 
Ji  N4II  xHMimccKoro 

COCAHHeHHR 

TcMncpaiypa 

1 

iJCM^ 

•  106 

KpeMHMft 

1430 

2>>-2,40 

)Kexe3o 

1539 

7,87 

11.5 

HiiKejiir 

1455 

8,5 

13,3  . 

UlipKUHHii 

1750 

6,S3 

6.83 

THTaH 

1820 

AM 

7.14 

Kai>6nA  KpcMiinfl 

2400 

2.2  -2.4 

4,0-4.5 

a  -  Designation  of  element  or  chemical  compound; 
b  -  Temperature  of  fusing  C;  c  -  Silicon;  d  -  Iron; 
e  -  Nickel;  f  -  Zirconium;  g  -  Titanium;  h  -  Silicon 
carbide. 

The  body  of  spray  Installation  Is  continuously  cooled 
by  water.  In  the  hearth  there  Is  an  Inspection  Tflndov  for 
observation  of  the  process  of  atomization  and  a  valve  for 
exit  of  excess  nitrogen.  For  the  purpose  of  simplifying 
the  process  of  atomization  and  observance  of  rules  of  safety 
engineering  certain  operations  are  automated,  control  of 
these  operations  la  remote.  As  a  result  of  atomization  we 
obtained  powders  with  particles  of  round  form,  having  di¬ 
mensions  from  5  Dk  to  1  mm. 

The  second  method  of  obtaining  the  Initial  powders 
was  grinding  of  shavings  of  the  alloy  In  a  ball  mill.  Con¬ 
ditions  of  grind  were  selected  separately  for  every  alloy. 
Magnitude  of  particles  of  powder,  having  In  this  case  a  flat 
form,  was  someidiat  larger. 

The  process  of  obtaining  the  half-finished  products 
(rods)  consisted  of  two  operations:  hot  briquetting,  and 
pressing.  3ef«re  briquetting  the  Initial  powders  were 
poured  Into  tubes  with  covers  of  sheet  duralumin  and  heated 
to  a  temperature  of  5000  which  was  sustained  for  1. 5-2.0 
hours.  This  temperature  ensured  noticeable  lowering  of 
resistance  of  material  to  plastic  flow. 

Then  the  powders  were  briquetted  In  a  container  with 
plunger  heated  to  4600.  Specific  pressure  In  all  cases  was 
the  maximum  (88.5-92.0  kg/mm^).  Briquettes  were  turned  and 
were  subjected  heating.  Temperature  of  heating  was  changed 
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Fig  1.  Diagram  of  spray  Installation 

1)  graphite  crucible,  2)  heater  of  crucible,  3)  cover,  4) 
mechanism  of  control  of  stopper,  5)  stopper,  6)  heater  of 
nipple,  7)  nipple,  8)  spray  nozzle,  9)  body,  10)  Inspection 
window,  ll)hearth,  12)  pan. 
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depending  upon  plasticity  of  alloy  from  500  to  6400.  irom 
the  heated  briquettes  we  pressed  rods.  Technology  of  pres¬ 
sing  was  developed  taking  into  account  difficulties  en¬ 
countered  during  pressing  of  fragile,  dlfflcult-to-press 
powders:  briquettes  were  pressed  In  plated  tubes  using 
designed  spherical  dies  specially  for  this  purpose  with 
orifices  of  different  diameters. 

Subsequently  we  studied  the  structure,  mechanical 
and  physical  properties  of  the  finished  rods.  Mechanical 
properties  were  determined  on  samples  prepared  from  rods 
of  diameter  14-15  mm. 

During  the  Investigation  of  binary  alloys  of  the 
system  Ai-Si  It  was  found  that  after  deformation  from  the 
cast  state,  the  highest  strength  is  shown  by  the  alloys, 
close  in  composition  to  eutectic  Sllumln  (Pig  2).  ifith 
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Fig  2.  Dependency  of  ueehanlcal  properties  of 
alloys  of  system  Al-3i  on  content  of  silicon. 

a  -  illoy,  deformed  from  east  state;  b  •  Alloy,  de¬ 
formed  from  powder  (grinding  of  shavings);  c  -  Content 
Si^. 


deviation  from  the  eutectic  composition  the  strength  of  the 
alloys  drops.  Plasticity  of  alloys  decreases  with  increase 
of  content  of  silicon.  This  apparently  is  explained  by 
the  presence  of  big  primary  segregations  of  silicon  which 
lower  the  plasticity,  promoting  the  Increase  of  inclination 
of  alloy  to  embrittlement.  During  the  investigation  of  the 
group  of  alloys  obtained  by  deformation  of  powder  prepared 
by  grinding  of  shavings,  it  turned  out  that  just  as  in  the 
preceding  case,  maximum  strength  is  shown  by  the  alloys  of 
eutectic  composition.  With  Increase  of  content  of  silicon 
to  24.0%  the  strength  of  ihe  alloys  drops  insignificantly 
and  with  a  further  Increase  of  content  of  silicon  practically 
is  not  changed.  Plasticity  of  alloys  prepared  from  powders 
is  on  the  average  one  and  a  half  times  lower  than  the 
same  alloys  deformed  from  the  cast  state.  At  a  content 
of  32%  Si  this  different  disappears.  Consequently,  in  pow¬ 
der  alloys  Increase  of  quantity  of  silicon  above  12%  does 
not  lead  to  sharp  drop  of  strength,  in  distinction  to  alloys 
deformed  from  the  cast  state. 
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.  V 

.During  the  analysis  of  the  above  mentioned  data  It 
was  established  that  of  all  the  alloys  of  this  system  the 
best  strength  properties  and  the  lowest  coefficient  of 
linear  expansion  are  shown  by  the  alloy  containing  25-30^ 

31  (remainder  aluminum). 

In  subsequent  Investigations  the  alloy  Al  —  25^  Si 
was  subjected  to  alloying  by  different  elements  v:lth  the 
purpose  of  a  still  larger  lowering  of  Its  coefficient  of 
linear  expansion. 

Addition  of  Iron  to  alloy  deformed  from  the  cast 
state  lowers  Its  strength  (Pig  3);  Increase  of  content 
of  Iron  In  powder  alloys  from  1  to  55*  (In  obtaining  of 
powder  by  grinding  of  shavings)  evokes  a  significant  In¬ 
crease  qf  their  strength;  further  Increase  of  content  of 
iron  leads  to  a  lowering  of  strength  characteristics; 
strength  of  alloys  from  powder  obtained  by  atomization 
of  melt  with  content  of  Iron  up  to  Is  not  lowered  and 
remains  significantly  higher  than  In  the  preceding  cases 
(sec  Pig  3).  In  these  regularities  we  see  clearly  the 
positive  quality  of  the  powder  method.  Results  of  Investi¬ 
gations  conducted  confirm  the  possibility  of  obtaining  by 
the  method  of  powder  metallurgy  a  finely-dispersed  struc¬ 
ture  even  for  alloys  containing  a  large  quantity  of  In¬ 
soluble  phases;  their  strength  not  only  Is  not  lowered,  but 
sometimes  even  increases  with  a  considerable  Increase  of 
the  concentration  of  insoluble  or  slightly-soluble  additions. 

In  the  next  group  of  alloys  we  studied  the  Influence 
of  additions  of  from  5  to  17^  nickel  (Pig  4).  i'he  strength 
of  povrder  alloys,  especially  those  prepared  from  atomized 
Border,  Is  significantly  higher  than  for  the  same  alloys 
obo..ined  by  deform  tlon  from  the  cast  state.  However, 
strength  of  all  the  alloys  of  the  system  A1~S1— N1  Is  In¬ 
creased  with  increase  of  content  of  nickel  while  the  elon¬ 
gation  praci:ally  is  not  changed. 

Consequently,  addition  of  nickel  more  favorably 
affects  properties  of  alloy  than  addition  of  Iron.  Best 
mechanical  properties  in  given  group  of  alloys  are  shown 
by  alloys  with  5-7^  Nl.  These  alloys  also  have  the  lowest 
coefficient  of  linear  expansion. 

It  is  necessary  once  again  to  emphasize  that  obtain¬ 
ing  of  alloys  by  one  of  the  methods  of  powder  metallurgy 
(especially  atomization)  leads  to  a  sharp  Increase  of 
strength,  as  compared  to  the  usual  methods  of  casting  and 
pressing  (Fig  5). 


189 


y/A-wd  ^Mxt:wt«a9fiMUtt»  . 

0,‘:7afS  tOtK^MipaVtOMtMfifmKd^*^  V 
^wyiiuifi:pomKa^  ip^tmmfmHt)^,,^ 


IBilllll 

siiiiir 

SaiMB' 


"  tifi§atteoftat$i7 
(^ANDMMStf  in ;  %' 

fig  4.  ]}tpendency  of  Beohanlcal  properties  of 
alloys  of  systen  A1»-S1-»H1  on  content  of  nlokel* 

a  *  Alloy,  dsfomed  frcw  oast  s'^^te;  b  «  Alloy,  defonied 
fron  povdar  (grinding  of  shavings);  o  *  Alloy,  dsfozaad 
froB  powder  (atonised);  4  .  Content  Hi  %. 
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Pig  5.  Dependency  of  mechanical  properties  of 
alloys  on  method  of  their  preparation. 

a  -  casting;  b  •  grinding  shavings;  c  >  atomization 


Pig  6.  Dependency  of  mechanical  properties  of 
alloys  of  system  Al— 71  on  content  of  titanium. 

a  >  Alloy,  deformed  from  cast  state;  b  -  Alloy,  deformed 
from  powder  (grinding  of  shavings);  c  •  Content  7i  %, 

Dependency  of  Investigated  mechanical  properties  of 
alloys  of  system  Al  ^  T1  on  content  of  tltaaium  Is  pre¬ 
sented  on  Pig  6.  Strength  of  alloys  obtained  from  powder 
is  significantly  hl^cr  thnn  the  same  alloys  prepared  by 
casting.  Elongation  If;  somewhat  hl^er  In  the  latter  case. 
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Then  we  Investigated  alloys  with  additions  of  silicon 
carbide  (SIC).  Initial  powders  of  .  lloys  of  system  Al— Si»S10 
were  prepared  by  the  method  of  mixing  of  powders  of  alloys 
A1«^S1  and  SIC.  The  strength  of  the  obtained  alloys  Is  suf« 
ficlently  high  with  10^  SlO<g=  24.7  kg/mm2,  ^  =  3.9/i;  with 
20^  510  C&s  25.0  kg/mm2,  ^  =  l.Ajj). 

Simultaneously  with  Investigations  of  mechanical 
properties  we  determined  the  coefficient  of  linear  expansion 
of  all  the  enumerated  alloys  (Table  2). 


Table  2 

Coefficient  of  Linear  Expansion  of  Investigated 
Alloys  (powder  Is  obtained  by  grind  of  shaving) 


XHMimccKiin  cocrait  cnjiaoa 
(ocrajibHoe  Al) 

0.  * 

clOS 

^  npMMeHaiiiic 

i%  Si 

24,0 

22,2 

12%  Si 

-  21.5 

24%  Si 

18,5 

26%  Si 

17,07 

32%  Si 

17.02 

25%  Si— 1%  Fe 

17,00 

25%  Si-5%  Fe 

16,90 

c. 

25%  Si-7%  Fe 

16,40 

iljifl  paciiuacuHoro 

cnaaea 

««16,00.10-« 

25%  Si-8%  Fe 

16,80 

25%  SI— 9%  Fe 

18,00 

C- 

25%  Si-5%  Ni 

15.45 

Jinn  paciiu^ciiiioio 
cnaasa 

«=:14.00.10-C 

25%  Si-5, 5%  Ni 

15,30 

25%  Si-8.5%  Ni 

15,00 

25%  Si— 9.5%  Ni 

16,40 

25%  Si-4,5%'  Ni-2,5%  Zr 

16,90- 

4%  Ti 

20,20 

9%  Ti 

18,70 

13%  TJ 

17,70 

S%  Si— 10%  SiC 

16,40 

S%  Si— 20%  SiC 

16.00 

a  -  Chemical  composition  of  alloy  (remainder  Al)^; 
b  -  Note;  c  -  For  atomized  alloy. 

In  the  group  of  binary  alloys  of  the  system  Al— Si 
the  value  ofd  drops  with  an  increase  of  content  of  silicon, 
which  has  a  low  coefficient  of  linear  expansion.  With  the 
maximum  content  of  silicon  (32,0^  Si)  the  coefficient  of 
linear  expansion  of  the  alloy  Is  equal  to  17.02.io"T  By 
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adding  iron  to  the  alloys  containing  25%  Si  we  can  .db-  - 
tain  a  lower  value  of  <y  .  However,  low.rlng  of  oc*  continues 
only  to  content  in  alloy  of  not  more  than  7%  already  at 
8%  Fe  the  coefficient  of  linear  expansion  again  starts  to 
grow  fast.  .  It  is  nfecessary  to  note  that  a  lower  coefficient 
of  linear  expansion  is  shown  by  alloys  obtained  from;  pow¬ 
der  prepared  by  atomization. 


Pig  7.  Microstructure  of  alloy  Al— 24^  Si  in 
state  as  deformed  from  ingot  (a)  and  from  pow¬ 
der  obtained  by  grinding  of  shavings  (b)  A500. 


Goefflcient  of  linear  expansion  of  alloys,  alloyed 
by  nickel,  is  somewhat  lower  than  all  the  other  groups  of 
alloys.;  With  an  increase  of  content  of  nickel  there  is 
observed  a  tendency  to  further  lowering  of  o(  but  just  as 
in  alloys  alloyed  by  iron,  the  low-:  ring  occurs  only  zo  a 
definite  limit  :  already  at  9^5%  Ni  the  value  of  OC  again 
is  increased.  Introduction  in  the  alloy  of  2.5%  did 
not  lead  to  lowering  of  o(‘  (see  Table  2). 

Titanium  more  effectively  lowers  the  coefficient  of 
linear  expansion  of  binary  alloys  with  aluminum  than,  for 
instance,  silicon;  already  at  content  16%  Ti  17. 7*10^, 

Willie  at  a  content  of  24^  Si  c>l=  18.5*10^.  Obviously  it 
will  be  valuable  to  subject  to  further  alloying  the  binary 
alloy::  of  zhe  systv.m  Al— Ti  V7ith  the  purpose  of  still  larger 
lov/ering  of  the  coefficient  of  •  inear  expansion. 

Alloys  of  the  systen  Al— Si— SiC  possess  high  me- 
chanicai  properties  and  a  low  coefficient  of  linear  expan¬ 
sion,  where  the  more  silicon  carbide  in  the  alloy  the 
lower  o(  . 

On  Fig  7  (a,b)  is  given  the  micro structure  of  hyper- 
culectic  Slliunin  with  24^  Si,  deformed  in  cast  state,  and 
also  of  tiie  powder  alloy  (prepared  by  grinding  of  shavings). 
The  sliari)  difference  between  structures  is  explained  by 
the  different  methods  of  preparation  of  alloys;  powder  al¬ 
loys  hav-  strongly  crushed  structure,  the  big  crystals  of 
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prloarjr  segregations  of  silicon  are  turned  into  very  small 
fra^ents  of  Irregular  form.  The  same  tendency  Is  also 
revealed  for  alloys  11—25^  SI— 5^  Fe  (Pig  8)  and  11—25^ 
S1-.5X  Ml  (Pig  9). 


Pig  8.  Microstructure  of  alloy  Al— -25^  Si— 5^Pe 
In  state  deformed  from  ingot  (a),  from  powder 
obtained  by  grinding  of  shavings  (b)^  and  deformed 
from  atomized  powder  (c),  X500 

The  microstructure  of  powder  alloys  with  additions  of 
Zr,  Ti  and  SIO  is  analogous  to  the  microstructure  of  the 
alloys  of  the  above-mentioned  systems. 
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OBIiIHIH&  OF  STAHSABl)  ALOMIHIBl  ALLOYS  BY 
THE  MBIHOI)  OF  FOriBER  MSIALLUROI 
(p'l69  of  soitroe) 

I.B.  Frldlyander,  G.B.  Agarkov,  N.S.  Klyaglna, 

R.A,  Xrlveoko 


The  obtaining  of  deformed  half-finished  products  from 
ingots  of  alUiU.nmB  alloys  in  a  number  of  cases  is  associated 
with  significant  difficulties.  During  casting  of  certain 
alloys  considerable  rejects  are  obtained  due  to  cracks  and 
heterogeneity  of  structure  ( intermetalllc  inclusions,  li^t 
oryetiCL^i'^SB,  slag  and  oxidized  Inclusions  etc.)  Further¬ 
more,  in  the  process  of  deformation  there  can  appear  a 
aaoreerystalline  or  mixed  structure,  macrocrystalline  rim 
and  so  forth. 

Ihc  target  of  this  work  was  the  study  of  possibilities 
of  obtaining  of  high  quality  deformed  half-finished  products 
from  aluminum  alloys  by  the  method  of  powder  metallurgy,  tfe 
also  had  an  interest  in  checking  the  influence  of  aluminum 
oxide  on  the  properties  of  standard  aluminum  alloys. 

The  Investigation  was  conducted  on  alloys  B96  and 
DL6.  Initial  powders  of  the  alloys  were  prepared  by  two 
methods)  mixing  of  powders  of  components  of  the  alloy,  and 
atomization  of  prepared  alloy  on  a  special  spray  installation. 

The  process  of  pressing  of  the  powders  consisted  of 
three  operations:  cold  briquetting,  hot  compacting  and 
pressing  of  rods.  During  cold  briquetting  the  powder  was 
poured  into  tubes  which  were  placed  in  container  of  press 
and  there  were  subjected  to  compression  under  the  necessary 
^imssure.  Briquettes  were  turned  by  1-2  mm  and  then  com¬ 
pacted  (after  preliminary  preheating) ;  the  obtained  billets 
were  turned,  heated  and  pressed  into  rods.  During  brlquet- 
tiiu  the  billets  were  held  under  maximum  pressure  (90-100 
kCVF)  for  1.0-1. 5  min.  Temperature  of  heating  before 
cciqHMting  and  pressing  of  rods  constituted  4000  for  1.5> 

2.0  hours. 

For  alloy  B96  obtained  by  the  method  of  powder  metal¬ 
lurgy,  we  retained  the  conditions  of  heat  treatment  applied 
during  the  usual  method  of  its  manufacture. 

Influence  of  homogenization  was  Investigated  on 
cermet  alloy  B96  prepared  by  mixing  of  powders  of  compononts 
(Fig  1).  Homogenization  somewhat  worsens  the  strength  or 
suoh  alloy,  while  its  elongation  practically  is  not  changed. 

In  the  usiuil  oast  alloy  there  exist  the  coarse  excess  inter- 


metallic  phases  which  embrittle  the  alloy,  lowering  its 
strength  and  plasticity.  During  transition  of  these  phases 
in  the  process  of  homogenization  into  the  solid  solution, 
the  plasticity  and  strength  of  the  metal  grows.  In  the 
cermet  alloy  coarse  inclusions  of  excess  phases  are  absent 
and  th~  beneficial  action  of  homogenization  cannot  appear. 
The  diffusion  processes  in  cermet  metal  go  faster  than  in 
the  usual  metals,  therefore  in  the  process  of  homogenization 
there  is  observed  an  intense  burning  out  of  magnesium,  on 
the  average  by  4-9^,  and  oxidation  of  zirconium  by  20-25j8. 
Consequently,  homogenization,  which  is  used  during  produc* 
tlon  of  half-finished  products  from  cast  alloy  B96,  is 
not  advisable  for  cermet  procurement. 


Fig  1.  Influence  of  homogenization  on  mechanical 
properties  of  cermet  alloy  B96. 

a  -  homogenized;  b  -  not  homogenized. 

Influence  of  heat  treatment  (quenching  and  aging) 
on  properties  of  cermet  alloys  B96  and  Dl6  essentially  de¬ 
pends  on  the  content  in  them  of  aluminum  oxide  (Table  l). 
Quenching  of  alloy  B96  was  done  from  a  temperature  of 
^700  after  holding  for  40  min,  alloy  DI6  —  from  5000  after 
holding  40  min;  aging  of  alloy  B96  was  at  the  conditions! 
heating  ot  l40C,  holding  16  hours;  alloy  DI6  was  subjected 
to  natural  aging  for  twenty- four  hours. 

Heat  treatment  significantly  Increases  the  strength 
of  alloys  and  lowers  their  elongation  for  small  contents 
of  aluminum  oxide,  but  does  not  change  the  properties  for 
high  content  of  aluminum  oxide.  Apparently,  in  the  first 
case  the  povrder  alloys  conduct  themselves  Just  as  the  alloys 
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obH^aid  easting,  here  strengthening  is  attained  by  the 
fo^Mtion  of  a  s'j^ersaturated  solid  solution  and  Its  sub- 
ietueat  dlslntepiatlon. 

in  ease  of  a  large  quantity  of  aluminum  oxide  ire 
bATe  the  neohaaln  of  hardening  peculiar  to  SAP;  harden- 
by  soluble  phases  is  not  observed.  Alloy  B96  with  a 
MuAl  content  of  aluminum  oxide  has  high  strength  after 
heat  treatment,  idiloh  may  be  still  Increased  with  the  help 
of  oeirtaln  technological  measures  described  below. 

Table  1 

Influence  of  Heat  Treatment  on  Mechanical  Properties 
of  Alloys  B96  and  1XL6  (powders  of  alloys  were  prepared  by 
method  of  mixing) 


0^ 

CiiJaB 

CoAcpMca- 

JL 

TCpMOOOpaOoTKil 

Jloc.ic  TCpMO(i6p.l6oTKIl 

^AIA 

*e 

ft 

ft 

% 

•a 

tCr/MMi 

•Si 

1 

3— — 1 

33.9 

9.r» 

62.4 

3,5 

10-11 

42.6 

3.« 

43.3  1 

3.6 

AIG 

3-4 

16.4 

11.0 

2i5,4 

9.7 

lO-ll 

40.1 

2.4 

40,7 

3.9 

a  -  Alloy;  b  -  Content  11203^;  0  >  Before  heat  treat¬ 
ment;  d  -  After  heat  treatment. 

tfith  a  large  content  of  AI2O3  the  strength  of  alloy 
B96  apo  10.6  is  almost  identical;  it  is  not  changed  after 
heat  treatment  and  is  equal  to  the  strength  of  SAP  with  the 
same  content  of  aluminum  oxide.  Consequently,  production 
of  alloys  with  a  high  content  of  aluminum  oxide  is  of  no 
nidue;  more  expedient  in  this  case  is  the  use  of  the  usual 
ft&f.  At  hi^  tMspcratures  the  alloy  B96  with  a  small  con- 
ieit  of  aluminum  rxide  conducts  itself  analogously  to  the 
ttsui^  alloy  B96  —  its  strength  is  noticeably  lowered  and 
elongation  Increases  rapidly  (Fig  2).  Alloy  B96  with 
10-11)(  AI2O3  is  weakened  less  Intensely  and  the  ultimate 
■tarengths  of  both  alloys  become  equal  at  400C.  The  elon¬ 
gation  of  alloy  B96  with  10-11^  AI2O3,  in  distinction  from 
the  usual  SAP,  grows;  in  this  there  appears  the  action  of 
i^loylBg  additions  of  magnesium,  zinc  and  others.  Elon¬ 
gation  of  alloy  BI6  with  both  high  and  low  content  of  alum¬ 
inum  oxide  with  increase  of  temperature  is  practically  not 
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changed  up  to  400C  (Pig  5).  The  ratesof  lowering  of  strength 
are  approximately  identical.  Probably,  for  the  alloy  Dl6 
obtained  by  mixing  of  powders  the  content  of  of  alum¬ 

inum  oxide  is  sufficient  to  suppress  the  usual  mechanism 
of  dispersion  hardening. 

Significant  improvement  of  properties  of  the  alloy 
is  attained  with  its  preparation  from  atomized  and  not 
mixed  powders  (Table  2). 

The  content  of  aluminum  oxide  in  alloys  obtained  from 
powders  prepared  by  atomization  consltuted  3“5^,  in  alloys 
from  mixed  powder  —  3-4$.  During  mixing  of  powders  of  the 
separate  components  of  the  alloy  equalizing  of  composition 
occurs  through  the  diffusion  processes  which  take  place  in 
the  solid  body.  These  processes  are  slow  and  probably  dur¬ 
ing  our  technology  of  the  manufacture  of  cermet  alloys  are 
not  fully  completed,  especially  in  the  alloy  Dl6.  The  alloy 
in  the  liquid  state  possesses  high  homogeneity,  and  in 
atomized  powders  the  degree  of  homogeneity  of  structure  is 
significantly  higher  than  in  mixed,  which  explains,  ob¬ 
viously,  the  increase  of  strength  of  alloys  (and  especially 
alloy  Dl6)  when  the  atomized  powders  are  used. 


Fig  2.  Change  of  mechanical  properties  of  cermet 
alloy  B95  depending  upon  content  of  aluminum  oxide. 
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Vtg  3*  COiaage  of  Boohanleal  properties  of  oenet 
alloy  016  depending  upon  content  of  alualnua  oxide* 


Vc  also  studied  the  influence  of  size  of  particles 
of  the  Initial  powder  on  aeohanlcal  properties  of  the  alloys 
Investigated. 

.  'S  ' 

Table  2 

Influence  of  Method  of  Preparation  of  Initial  Powders 
on  Meohanlcal  Properties  of  Rods  of  Diameter  13  mm  Prom 
Alloys  B96  and  Dio  (temperature  of  test  200) 
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62.S 

4.3 

72.1 

6.4 

.  116 

41.1 

14.7 

S7.S 

17.9 

a  -  Brand  of  alloy;  b  •  Mixing;  o  -  Atomization 

Crushing  of  particles  of  atomized  powder  (In  Investi¬ 
gated  limits  S^lOO  Bk)  did  not  have  any  Influence  on  the 
properties  of  alloy  B96  (Pig  4),  but  Improved  the  properties 
of  slloy  D16  —  (Pig  5). 
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Pig  4.  Influence  of  coarseness  of  particles  of  pow¬ 
der  on  mechanical  properties  of  cermet  alloy  B96, 


a  -  small;  b  -  big 


Pig  5-  Influence  of  coarseness  of  particles  of  pow¬ 
der  on  mechanical  properties  of  cermet  alloy  516, 

a  -  big;  c  -  small 

Influence  of  method  of  preparation  of  cermet  alloy 
306  on  its  structure  is  well  Illustrated  in  Pig  6, 

In  the  structure  of  the  alloy  prepared  by  mixing 
of  powders,  one  may  see  a  large  quantity  of  coarse  segre- 
ated  hardening  phases  (Pig  6, a).  Structure  of  alloy  pre- 
ared  from  atomized  powders  is  highly  dispersed  and  is 


(Pig  6fb).  ivith  a  small  quantity  of  aluminum  oxide 
(3-4^)  the  structure  of  the  alloy  obtained  by  mixing  of 
powders  Is  characterized  by  big  segregations  of  the  harden¬ 
ing  phases;  with  a  high  content  of  aluminum  oxide  (10-11^) 
there  will  be  formed  an  extraordinarily  fine-grained  uni¬ 
form  microstructure  with  a  great  number  of  impregnations 
of  aluminum  oxide. 

In  this  case  the  microstructure  of  alloy  B96  is 
similar  to  the  microstructure  of  SAP  (Fig  7), 


Oonolxtsloas 


Using  the  new  powder  method  of  production  of  half* 
finished  produots  from  standard  aluminum  alloys  we  have 
established  the  following) 

1.  Alloys,  initial  powders  of  which  are  prepared 
by  the  method  of  atomisation,  possess  significantly  higher 
properties  than  alloys  whose  powders  are  obtained  by  the 
method  of  mixing  of  separate  components* 

2.  Decrease  of  sise  of  partioles  of  powder  leads  to 
significant  inorease  of  meohanioal  properties  of  the  alloy 
Dio.  Ihe  meohanioal  properties  of  alloy  B96  were  not  af¬ 
fected  by  change  of  dimension  of  partioles  of  initial  pow¬ 
der  (in  investigated  limits)* 

3.  Powder  alloys  B96  and  116  with  large  eontent  of 
aluminia  oziAe  (more  than  10)()  aot  approximately  like  SAP, 
and  alloys  with  small  content  of  aluminum  oxide  —  act 
analogous  to  the  usual  oast  alloys,  Imt  differ  fi«m  them  in 
a  more  uniform  structure • 
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